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KEEP 
PRODUCTION 
FLOWING 
FASTER 


with 


2000 
ait 





A triumph of precision 
to speed’ your drilling 


With GRIP you can be sure of a type and size of 
jig bush to suit your needs... immediately available 
from stock. The range includes headless and headed 
press fit, slip and fixed renewable types to BSS 
1098/1953, as well as serrated and recessed bushes 
for plastic and moulded jigs. 


CATALOGUE SENT ON REQUEST 


TALBOT TOOL CO. LTD. 


GRIP WORKS, 
ROEDALE ROAD, BRIGHTON, SUSSEX 
Tel: BRIGHTON 55832 
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0.D.H. MOUNTED 
ON SINE TABLE 


MAIN DIMENSIONS 


Height of Centres _ 
Centre Distance (on Base) 
Size of Face Plates 

Size of Centres ecesnecupmcesiioae 
WEIGHT OF HEAD 
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(G) OPTICAL 
DIVIDING 
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COMBINING HIGHEST PRECISION 
WITH ROBUST CONSTRUCTION 












48” (117.5 m/m. 
114% (280 m/m.) r 
7h” dia. (190 m/m.) ; 
No. 2 Morse Taper 
42 Ibs. 





Combining the following features : 
Dead centre, adjustable drive for 
zero settings, large vernier screen 
reading direct to 6 secs. (estima- 
tion 3 secs.) and conforms to 
N.P.L. Specification MOY/SCMI/ 
56. Patent 599708. 


0.D.H. mounted on 

JONES & SHIPMAN 540 

Grinding Machine, 

controlling serrations 

held to a tolerance of 

0-0002* both for spacing 
and diameter 














me} PRECISION GRINDING LTD 


MILL GREEN ROAD - MITCHAM - SURREY Phone: MITCHAM 3014 


NRP 1632 
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Rotary Table Indexing Type Polishing 

Machine. For articles such as cycle 

hubs, automobile wheel naves, lamp 
bodies, etc. 


Straight line “Over and Under” 
Polishing Machine. For components 
such as radiator grilles, car door 
handles and formed sections. 


Uniflex Automatic Polishing Machine. 
The answer to economical mass- 
production requirements. 


AUTOMATIC POLISHING 


Automatic Polishing Machines reduce costs and consistently ‘ 
produce a high standard of finish with a high rate of production. 
In addition to a wide range of indexing and continuous rotary 


machines, straight line return type conveyor and semi-automatic 
units are manufactured to meet specific requirements. 
Further particulars from 


EE came: 
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NOW... 
TOOLING 
AIDS 

OFF-THE-SHELF ! 





can choose all your tooling aids from the Woodside Tooling Aids 
Catalogue as you sit at your desk. Woodside off-the-shelf service means 
that the tooling aids you need are already made, just waiting to be 
despatched, so you get extra quick delivery. Quality is the highest 
attainable . . cost surprisingly low. And just one other thing. 

If you haven’t got your Woodside Tooling Aids Catalogue yet, 

now’s the time to ask for it. 


aids for 
industry 


hag 


WOODSIDE DIE SINKING COMPANY LIMITED 


Woodside Die Sinking Company Limited, Aire Vale Works, Newlay, Leeds13. , (@) Company 
Telephone No. Horsforth 4251/4 Telegrams: Wooddie. Leeds. Telex No. 55185 
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CHAF 
COVE 


TAS/CC.49 





TO MAKE PRODUCTION 
MEET DEMAND 
ae 























FAMOUS NAMES ON THE 
CHURCHILL LIST INCLUDE: 





CHURCHILL GEAR MACHINES LTD. 
CHURCHILL-REDMAN LTD. (1) 
VERTIMAX LTD. (3) 
THE CHURCHILL MACHINE TOOL CO. LTD. (4) 
CINCINNATI MILLING MACHINES LTD. 
CONE AUTOMATIC MACHINE CO. LTD. (2) 
FRORIEP GmbH. 
GOSS & DE LEEUW MACHINE CO. 
ERNST GROB. 
S. A. JOS. PETERMANN. (5) 
SCHARMANN & CO. GmbH. 


a a 


When demand increases, production problems frequently arise. New methods 
and new and replacement machines will be needed to overcome them. 

Before making any decision about new machines get in touch with 

Charles Churchill, who sell a comprehensive range of fine machine tools 

by famous British, Continental and American makers. 

From this one source you will be able to cover your entire requirement, 
ensuring co-ordinated deliveries and the soundest technical advice. 


There are Churchill branches at London, Glasgow, Newcastle, Manchester. 
INTERNATIONAL 


<p. MACHINE TOOL 
CHARLES CHURCHILL & COMPANY LIMITED SE ere 
COVENTRY ROAD - SOUTH YARDLEY - BIRMINGHAM 25 is. 20 


Empire Hall 


Stand No. 403 
National Hall 


TAS/CC.49 Galler, 
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Quality ELECTROSUDS PUMPS. 
for MACHINE TOOLS 





IMMERSED TYPE 


A wide selection of types in five sizes 


“Minim” 3 gallons per minute at 6ft. head 
“Minimore” 6 gallons per minute at 6 ft. head 
“Minor” 8 gallons per minute at 10 ft. head 
“Minor Max” 30 gallons per minute at 6 ft. head 
“Major” 25 gallons per minute at 12 ft. head 


(C.S.A. Approval No. 10802.) Write for List No. 104. 


All types are also available mounted in portable 
tanks of standard sizes. Special tank sizes can be 
supplied to customers’ specification. Carrying 
handles and castors can easily be fitted. 


‘T’ TYPE FOR EXTERNAL 
MOUNTING 


WRIGHT ELECTRIC MOTORS (Halifax) LTD. 


ESTABLISHED 1900 


Manufacturing Electrical and Mechanical Engineers 


CENTURY WORKS - PELLON LANE - HALIFAX - ENGLAND 


Telephone: 60201/2/3 Cable: Motor, Halifax 

















Automatic Transfer Lines 


for mass production Transfer line for drilling, 
counterboring, chamfering, 
facing, boring and threading 
of gear boxes. 
Location and clamping of 
components in platens. 
Clamping and releasing of 
component through 


electro-mechanical wrench. 


Component returns on 
conveyor placed at the rear 


of the transfer line. 


Indexing time: 25,2 sec. 


Output: 143 components per 
hour at 80% efficiency. 


Sole Agents 


British Isles 


“a Bishop, Eaves & Sons, Ltd. 
Hiller 868, Alum Rock Road, Birmingham, 8 
Telephone: East 407! 


Telex. 33461 Bisheaves Birmingham | 


KARL HULLER GMBH LUDWIGSBURG/GERMANY 
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* 
No. 3 Rolling 
4 -_ Sor le 4 3 
No. | Rolling ins, diam., 3 to 
Gear Tester: 40 D.P. 
4 ins. diam., 
20 to 150 D.P. 








4to 





y * 
No. 4 Rolling | 
* Gear Tester: 
No. 2 Rolling : 48 ins. diam., 
Gear Tester: . x 
14 ins. diam . y 
40D x 





2 to 16 D.P. rc 


9” (‘S’) Type) 
Rolling Gear Tester: 
14 ins. diam., 4 to 
20 D.P. 





No. 3 Involute 
Tester: 24 ins. diam., 
3 to 40 D.P. 











No. | Involute Tester: 
4 ins. diam., 20 to 
100 D.P. 











* 

No. 2 Involute Tester: 
16 ins. diam., 4 to 

40 D.P. 











% Can be arranged to test pitch, 
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for gear testing... 


No. 2V Lead 
No. 2H Lead Tester: Any helix angle. Tester: 10 ins, 
Standard 14 ins. diam. or 8 ins. diam. x 26 ins. long. diam. up to 
Long Bed 10 ins. diam. or 8 ins. diam. x 54 ins. long. 45° helix. 


* 

No. 4/3 Worm & Wheel 
Tester: between 2 ins. 
and 28 ins. centres, worm 
shafts up to 72 ins, long 
x 20 ins. diam, 


* a, 

No. 4 Worm Tester: 
worm shafts up to 72 ins. 
long x 20 ins. diam. 


% Can be arranged to test pitch. 


No. 3V Lead 
Tester: 24 ins. 
diam. up to 
45° helix. 


* 

No. 4 Worm & Wheel 
Tester: between 6 ins. 
and 28 ins. centres, worm 
shafts up to 72 ins. iong 

x 20 ins. diam. 





No. 3 Worm & 
Wheel Tester: be- 
tween zero and 12 ins, 
centres, worm shafts 
up to 48 ins. long 

x 16 ins. diam. 


No. 3 Worm 
Tester: worm 
shafts up to 
48 ins. long 
x 16 ins, diam, 
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SOT SPER ONE TARae wee SEE US on Stand No. 1, ist International Pipes and 
WITH LINCOLNWELD Pipelines Exhibition, Earls Court, London, 30th May 
# to 2nd June, and on Stand No. 3, Grand 
Hall, International Machine Tool Exhibition, 
Olympia, London, 25th June to 8th July. 













A Lincoln Fully Automatic Mass Pro- 
duction Welding Installation fitted with 
two Lincolnweld Type B.10 Sub- 
merged Arc Welding Heads operating 
on controlled automatic time cycle, 
complete with automatic component 
clamping, adjustable for both length 
and diameter. This unit has many 
applications in the automotive and 
allied industries. 











Sooner or later YOU will become interested in 


Submerged Arc Welding. 
LINCOLN have a complete range of Submerged 
Arc Welding Equipment PLUS 


* Hundreds of successful installations. 





* Years of knowledge acquired throughout the world. 


* A fully trained staff of Design and Welding Engineers. 


Let Lincoln be your A complete Lincoln Automatic Welding 


Installation incorporating Twin Lincoln- 

weld B.10. Fully Automatic Submerged 

° ] Arc Welding Units mounted ona Lincoln 

Welding Consu tant. Variable Speed Traversing Bogie complete with 

built-in Flux-Recovery Unit. Suitable for a wide 

range of Downhand Butt and Fillet Welding 
Applications, of any length. 


Please write to: 
The Automatic Division 


EMBER OF Ti 


WELWYN GARDEN CITY - HERTS /§ 
OKN 


Tel: Welwyn Garden 920 (5 lines) 4581 (5 lines) DOF oF came 
PS 
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ACCURACY 


The new rangeo 
H.M.E. Rigispeed 
Presses includes 
machines of 45, 70 and 
100 tons Capacity. 
These machines which 
have built-in variable 
speed drive units, have 
been designed to pro- 
duce extremely 
accurate components 
at a high rate of pro- 
duction. 


SEE US ON 


STAND 38 


INTERNATIONAL 
MACHINE TOOL 
TRADES EXHIBITION 


VAQR TON PRESSES 


HORDERN, MASON & EDWARDS LTD. BIRMINGHAM 24, ENGLAND 
TELEPHONE: ASHfield 1671 TELEGRAMS: AITCHEMMEE BIRMINGHAM 
LONDON OFFICE: 4 VERNON PLACE, SOUTHAMPTON ROW, W.C.!. TEL: HOLborn 1324 
MANCHESTER OFFICE: 2 ST. JOHN STREET, DEANSGATE, 3. TEL: BLAckfriars 5860 
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RIGID ST-100 scromrc 


bg HYDROCOPYING MILLING MACHINE 
gives GAC Finish Faster 


At a single setting, the ST-100 copy 
mills any blade form—concave or 
convex—either straight or with up 
to 80° twist, also blending in tip 
and root forms. The cycle is fully 
automatic with push-button control, 
and pendulum, sweep or diagonal 
milling methods can be used. 


* With either two or three spindles 
For Blades up to 16" x 6” 


* A two-spindle mode! is available 
from stock 


+ 





Sole U.K. Distributors 








z 
For full technical 4 


data ask for Brochure 
No. PE/175 





DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone: WESTERN 8077 (8 lines) Telegrams : ACCURATOOL HAMMER LONDON 
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invest in 
quality 
use 
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INDUSTRIAL LUBRICANTS 
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These top and bottom Eccentric Straps for large 


Marine Engines are made as steel castings in a modern 
steel foundry. Designed for a lifetime’s work under 
continuous service, they have proved their reliability 
and saved more than } of the cost of the materials 
they have replaced. 

Are you satisfied that your components are being 
made in the most economic way ? Why not call in 
a steel foundry engineer at the design stage and use 
steel foundry know-how. 


THE BRITISH STEEL FOUNDERS ASSOCIATION 








Broomgrove Lodge, Broomgrove 


Rd., 


Sheffield 
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THE MOST COMPREHENSIVE RANGE IN THE COUNTRY! 


a 2 = wf * 
cn. alll $ — 
— et me by 
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for the connecting 

of pipe-lines for 
use with fluids, gases, @& 
compressed air and 
hydraulic circuits 


100% LEAKPROOF! 


The indisputable advantages of the brass 
solderless fitting as a means of connecting copper 
pipe lines, over the older, unsatisfactory method of 
employing iron pipes and screwed fittings with all 
the troubles of rusting and leaky joints, are well 
recognised and, although first cost of material is 
higher, the additional expense is more than saved by 
the easy and convenient fitting and the economy in 
labour charges, apart from obtaining 100 per cent. 
leak-proof joints with Enots Solderless Fittings. 


Write NOW for Catalogues S.F. 158 
\ and S.P.F. 657 


MAM 
owe LTO. GURMING 
penton 6 OTE um 


BENTON & STONE LTD., ASTON BROOK STREET, BIRMINGHAM 6. 


SEE OUR EXHIBITS ON STAND No. 429 AT THE MACHINE TOOL EXHIBITION JUNE 25th —JULY 8th 1960 
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Besides 
the wedge has be M 
blade, thus'in the 


only the wedge and the blad % 
both items being 


The new type cut 
with octagonal, square with 1 
or square withchamfered 
Throwaway blades are 
for the square bl: 


Technical representatives are always available 
for consultation and advice. 


Home Sales: PROTOLITE LIMITED (ca subsidiary company of Murex Ltd.), RAINHAM, ESSEX. 
Telephone: Rainham, Essex 3322. Telex: 28632. Telegrams: Protolite, Rainham-Dagenham Telex. 
Southern Area Office : Central House, Upper Woburn Place, London, W.C.1. Northern Area Office : Norwich Union Buildings, City Square, Leeds |. 
Midland Area Office : Guildhall Buildings, Navigation Street, Birmingham 2. 
Export Sales : MUREX LIMITED (Powder Metallurgy Division), RAINHAM, ESSEX, ENGLAND. 
Telephone : Rainham, Essex 3322. Telex : 28632. Telegrams : Murex, Rainham-Dagenham Telex. 
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Diedesheim 
fully automatic 








multi-unit machines 


for the production of pipe fittings, valve and cock bodies 


and similar components 


MODEL AMI WITH 9 UNITS 
MODEL AMIi WITH 12 UNITS 


Suitable for drilling — boring — facing — threading 
sawing — milling — multi-spindle drilling & tapping, etc. 
Simultaneous machining — from three directions 

— at each station. 

Capacity for 3” to 2” nominal size pipe fittings 

Spindle speeds to suit all materials 

Infinitely variable feed to each unit 

Foolproof reloading during cutting cycle 

Hydraulic chucking with auto-release 

Rapid change-over to different components 


Three or four working stations 


Production times for lateral valve housing illustrated: 


+” nom. size: 7 secs. 1” nom. size: 10 secs. 2” nom. size: 18 secs. 





















Sole British Agents 


SYKES 


Machine Tool Co. Ltd 


Hythe Works, The Hythe 
Staines, Middlesex 
Telephone 

Staines 55474 (5 lines) 
Telegrams Sytool Staines 
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Steel 


For many years the precise control associated with ‘VSG’ 
variable delivery hydraulic pumps and transmission gears has 
proved invaluable to the Steel Industry. 

Mill and drawbench drives, sawing and measuring tables, 
processing machines and manipulators are a few examples of the 
many applications of ‘VSG’ equipment. 


- 4 3 The Steel Industry is but one of many industries which ‘VSG’ 
has now been serving for over fifty years. 
| = MODERN INDUSTRY 


VICKERS-ARMSTRONGS (ENGINEERS) LIMITED - VICKERS HOUSE - BROADWAY - LONDON SWI 
29C 





& 








The Production Engineer 





Robust construction asures long life and design features 
__ give maximum production economy combined with 
unexcelled accuracy and finish of components. 


Products of 


KEIGHLEY GRINDERS (MT) LTD KEIGHLEY YORKS 





The Production Engineer 


FEATURES — 
HIGH PRECISION INDEXING TURRET 


RAPID CENTRE POSITIONING WITH 
RETRACTABLE STOP 


COM ENSIVE RANGE OF TOOLHOLDERS 
INTERCHANGEABLE WITH OTHER MAKES 
OF TURRET LATHES 


AVAILABLE WITH GAPBED (NOT 13” LATHE) 


AMERICAN CAM-LOCK SPINDLE NOSE 
PERMITTING CONSISTENT AND RAPID 
REMOUNTING OF CHUCKS AND FIXTURES 


AUTOMATIC TRIPS TO LONGITUDINAL 
FEED FITTED AS STANDARD 


TRIPPING CROSS FEEDS AVAILABLE 
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ENGLISH ELECTRIC CO. LTD. ILLUSTRATION 
SHOWS A LINE OF SURFACING & BORING 
LATHES IN THE WORKS OF THE ENGLISH 
ELECTRIC CO. LTD. BRADFORD 


in, OF 


: 








MADE IN SIZES 


131036 





24” SWING SURFACING & BORING LATHE 








 DeanSmith 


KEIGHLEY 
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technical refinement a ? 5 FLYWHEEL 
| GEARED 



















With this range of Bliss 





the operator has somg 








gy new features are emb@ 

















| 3 A FLYWHEEL a 
GEARED 7 
45 FLY WHEEL 
GEARED 
6 — 
GEARED 
7 oe 
GEARED 








The Production Engineer 


PRECISION TURNED PARTS 


The latest Swiss Automatic 
machinery has been installed to enable 
us to offer a greater variety of small 
precision turned parts. These machines 
enable us to produce sizes up to %" dia. 
and 2%," long with a superior finish, and at 
more advantageous prices. We are confident 
that we can assist you with your supply and 
cost problems. 





EXORS OF JAMES MILLS LTD 


BREDBURY STEEL WORKS + WOODLEY, NEAR STOCKPORT 
Phone: WOOdley 223) (7 lines) 3431 (7 lines) Grams: Mills, Phone, Woodley 
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ALMOST ENTIRELY 
ELIMINATES MAINTENANCE 


NO PUMP 

NO FILTERS 

NO PIPES 

NO NOZZLES 
NO CLEANING OUT AFTER 


1 YEAR’S CONTINUOUS 
DOUBLE-SHIFT WORK AT 


Massey-Ferguson 


(UNITED KINGDOM) LTD. 


STRETFORD - MANCHESTER 


This Booth was started up on production 
on 1st March, 1959, and has operated two 
nine-hour shifts on continuous painting of 
agricultural machinery. When last exam- 
ined, there was an average depth of silt of 
6 inches over the entire water tank 
bottom, an area of 290 sq. feet. A further 
4 inches, making 10 inches in all, can be accommodated 
before cleaning is essential. After 1 year’s operation, 
the fan and ducting were barely discoloured, the only 
maintenance cost being cleaning the floor inside the 


A. BULLOWS & SONS LTD - LONG ST 


NOPUMP 


SPRAY BOOTH 


In this new type of Water-Wash Spray Booth the 
exhaust air travels at very high velocity over the 
water surface entraining water. The air/water 
mixture, moving through controlled changes of 
direction, provides the scrubbing action. 


A NEW PATENTED PROCESS 
OF WATER TREATMENT... 


substantially increases the efficiency of 
these Booths. 


booth, routine greasing of bearings and similar preven- 
tive maintenance. 


VISITS TO FACTORIES WHERE BULLOWS* NOPUMP SPRAY BOOTHS HAVE BEEN 
INSTALLED CAN BE ARRANGED ON REQUEST. WRITE TODAY FOR FULL DETAILS 
OF THIS OUTSTANDING BULLOWS’ ACHIEVEMENT. 


- WALSALL - STAFFS - TEL 5401 


DEPOTS AT: 13 SOUTH MOLTON ST., LONDON, W.1. TEL: MAYFAIR 2313 70 GILMOUR ST., GLASGOW, C.5 TEL: SOUTH 2383 
55a BRIDGE $T., MANCHESTER, 3. TEL: BLACKFRIARS 5670 61-63 DRURY ST., DUBLIN. TEL: DUBLIN 73188/9 
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OPY MATIC 


‘PRODUCED IN THREE SIZES...1610(13") 2013(16’) 2013-17(20’) 





"AND IN TWO TYPES ENGINE & TOOLMAKER 















Powerturn Copymatics have the versatility of the standard 
lathe and the productive capacity ofa special purpose lathe 
—without the high cost and limited use of the latter. 
Instant changeover from standard lathe operation to 
Copymatic saves time and money. Exceptional sensitivity 


ensures accurate duplication. 


Quick, accurate duplication of square 
shoulder faces, grinding necks, tapers in 
both directions, chamfers, curved contours 
and straight diameters in both turning 
and boring operations. 

Base mounted, inverted type stylus 
eliminates tracer and tracer mount 
interference and permits 360° operation. 


Choice of using round or flat* templates. 
*Optional Extra 


















INTERNATIONAL 
AY MACHINE TOOL 
/°SS  exnipition 1960 


Olympia -London June 25-July 8 
STAND No’s. 22 & 32! 
GRAND HALL 







This standard test piece is typical 
of components produced in one setting 











automatic duplication 











(MACHINE TOOLS) LIMITED 


GARANTOOLS HOUSE - PORTLAND ROAD HOVE - SUSSEX 
Telephone: HOVE 47253 Teleg Gi Portsiade 
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LONDON : BIRMINGHAM - GLASGOW : MANCHESTER BRISTOL 
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A fast with more weight 
automatic more stamina 


; Q as ‘more power 
-cycle miller ao 























Balanced feed control 
from centrally placed Emergency 
hydraulic cylinder to table return 
reduce table-slide wear. lever. 


a 
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; Air cylinders. 





TWO HANDED START FOR SAFETY 
Interlock lever must be lifted 
before start cycle button can 
be operated. 







STAND 46 
GRAND HALL 
OLYMPIA 


dune 25 Re 





Air-Hydraulic Model 1 





HORIZONTAL MILLER WH 
is 
matic cycles are achieved. Two air cylinders exert in f 
balanced thrust on the table slides, eliminating side- 
: thrust wear, and safeguarding the unfailing accuracy I 
superb machine the speed, brawn and stamina no of the machine. With two-hand controls and an h P 
other air-hydraulic miller can touch. By air-hydraulic emergency return lever, the A & S Model 1 is also WNo « 
table drive (powered by the shop air supply), the safest of all millers. 


ya cutter life, immaculate finish and faster auto- Write for illustrated ball man 


be ocr eee Ser 2 Pid | NP \S 


ADCOCK & SHIPLEY LTD - 


P.O. Box 22, Ash Street, Leicester. Telephone: Leicester 24154-5-6. Telegrams & Cables : Adcock, Leicester 



















sustained & 

efficiency \ 
at no 

extra cost 


a 
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EQUIPMENT 





Most air cylinders and control valves are efficient 
WHEN NEW AND FIRST FITTED. But RED RING Air Equipment 
is made to retain its efficiency for very long periods 
in fact, throughout the life of the machine to which it is fitted. 
It is made by the men who make the machines —engineers 
who appreciate the necessity for complete and sustained reliability 


manufactured by 


MUCH PARK STREET, 
\- COVENTRY 

Tel.: Coventry 27366/7 
04 Cogent 
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WIN THE BATTLE OF THE BY USING ... 





/Z\ PNEUMATIC TOOLS 





B. O. MORRIS LTD., MORRISFLEX WORKS, BRITON ROAD, COVENTRY. TELEPHONE 53333 (PBX) 





The Production Engineer 














UO 
AO000o5 
NOOOConeE 


JOG OIOD0000 "8, 
= Srioo4—4y 


























and 


reversion To 
manual control 
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The application of electronic profile turning and boring 
equipment to the Webster and Bennett range of vertical 
boring mills opens up a wide new field of uses for these 
versatile machines. Although specifically designed for 
copying applications, when not required the electronic 
control may be disengaged and the machine operated as a 
standard machine under mechanical control. 

Machine capacities range from 36” to 72” chuck diameter, 
and machines can be supplied with or without the electronic 
profiling equipment. 














WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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These are the results now being 
obtained at the Ford Motor 
Co., with a 30” type ‘ADD’ 
Rowland Duplex Grinder 
equipped with automatic com- 
ponent sizing control. 
Rowland Grinders are produc- 
ing similar results throughout 
the Automobile industry on a 
wide variety of components 
requiring opposing faces to be 
ground. 

Applicable to ferrous and non- 
ferrous bonded asbestos and 
ceramics, this method may well 
help to enhance your own 
production rate. Check the 
jobs in your Works and then 
consult us, we have unrivalled 
experience and shall be pleased 
to co-operate with you. 


We shall be pleased to help you with 
your problems — consult us now 


F, E. ROWLAND & CO. LTD. REDDISH, STOCKPORT, ENGLAND cre. terorc nepoisn 
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The key to 
automation 


" off 


the peg " 


‘Progressive’ or ‘linked line’ or ‘off the peg’ automation means 
. basically the same—Hymatic Automation. As far back as 1953 
Ai Matll Hymatic were turning out automatic linking devices, units 
G. with which you can link standard or near standard 

machine tools in your production line. The key is automatic 

linking equipment: and Hymatic are the people to cut the 

key. You can learn how automation ‘off the peg’ can be 

applied to your production line in a booklet called ‘Hymatic 

Automation’. It describes automatic linking devices and 

other automatic work handling equipment. Send for a copy 

to the Hymatic Engineering Co, Ltd, Redditch, Worcestershire. 
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HOT BRASS STAMPING 
Countersink. Form and combination 
drill. Face and Chamfer. External 
thread (2 diams.) and recess. Tap. 
SPINDLE SPEEDS:L.H. 1440 RPM. 
R.H. 582 RPM. 


CYCLE TIME: 20 SECONDS. 











Top: B.S.A. No. 98L automatic 
arranged to produce the subject 
component is equipped with 
pneumatic workspindle -positioning 
attachment for stopping and locating 
the spindle with chuck jaws in a 
position of definite relation to 
tooling or, as in this example, the 
component. 


single 
spindle 
automatics 


Above : Vibratory hopper feeds the 
components to gravity chute. 


Right: Air operated escapement 
releases components singly to a 
carrier on the third slide. Component 
is pushed into the chuck (positioned 
to receive the hexagon) by a ram in 
theturret. Thread cutting attachment 
is on front slide. 
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Made in several sizes and 
variations to suit the purpose 


STAND 16 
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a e.5:4 B.S$.A. TOOLS LTD BIRMINGHAM 33 ENGLAND 
oraee Cables MADRICUT BIRMINGHAM TELEX 33-207 


SOLE AGENTS GT. BRITAIN: BURTON GRIFFITHS & CO LTD MACKADOWN LANE BIRMINGHAM 33 TELEPHONE STECHFORD 307! 
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reinforced 
plastics 


4 
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RUBERY OWEN are pleased to announce the opening of their new 
RO-PLAS Reinforced Plastics Department and the following are just a few 


of the advantages to be gained by using RO-PLAS Reinforced Plastics. 


Lower Cost particularly when the number of Components required is 
too small to justify expensive tooling; Higher strength/weight ratio 
than mild steel; Resistance to weathering and various chemicals; Good 
thermal and sound insulating qualities; Good resistance to impact 
loading and to fatigue. 


You are invited to make use of the Technical Advisory Service which 


is offered entirely free and without obligation. 


| 
| 
a Ss, dab ab seek Gee ana oe 
| 
a 


¢ 


Write for literature to: 


RUBERY OWEN & COMPANY LTD 


RO-PLAS DEPARTMENT: WHITEGATE FACTORY: WREXHAM'N. WALES 
Telephone Wrexham 3566-8 
Area Offices: 


LONDON « BIRMINGHAM * COVENTRY - MANCHESTER - BRISTOL NEWCASTLE ‘ GLASGOW 
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10 Reasons 


why you will now choose a 


THOMPSON 


SURFACE GRINDER 





+e Fitted with the EXCLUSIVE HYDRA- 5] AUTOMATIC LUBRICATION © REDUCED OPERATOR FATIGUE 
COOL HYDRAULIC SYSTEM for Constant Filtered oil supply prolongs life of ways. Simplified controls conveniently group- 
accuracy. ed in operating area for easy operation. 
ADJUSTABLE BRONZE FRONT SPINDLE 
© MAXIMUM RIGIDITY 0 BEARINGS © pvt Homay CCURATE WHEELNEAD 
Work table runs on Vee and Flat Slide. Heavy alloy heat treated spindle. oo) : : ; 
Extra heavy column, wheelhead on large BALL BEARING SPINDLE ery rapid “dy lon of wheelhead 
rectangular ways. SUPPLIED IF PREFERRED. aa teeta aaa aiaeaciie 
4) FLAME HARDENED CROSS SLIDE WAYS ve MANUAL CROSS FEED © CROSS FEED WHEELHEAD 
Heavy dove-tail ways are hardened and Standard equipment for accurate Built-in wheel dresser and hydraulic 
ground. shoulder or slot grinding. truing feed to wheel head. 


SOLE AGENTS: 


ROCKWELL 


For further particulars write or telephone TODAY 


WELSH HARP, EDGWARE RD., LONDON, N.W.2. 
TEL: GLADSTONE 0033 


ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2622 


MACGATINE- TOOL €e@ Pe os 








THOMPSON 4 


MNT 











The Production Engineer 


INCREASED 


" PRODUCTIVIT 


WITH GREATER 


, PRECISION 


The B.T.G. 3” Swift Feeder is a hydraulically operated 

power press feeding device, capable of running consistently at high 

speeds with extreme accuracy of pitch. It is readily mounted on the crankshaft 

of the vast majority of power presses and used in conjunction with the Swift 

Feeder Coil Holder (which is adjustable for tool height and coil size) enables 
the press table to be kept clear of any obstruction. 

The extreme simplicity of adjustment for pitch progression and material 
thickness makes the Swift Feeder ideally suited for both short and long production 
runs. Adjustment for width of material is rendered unnecessary by the open-sided 
gripper design. 

THERE IS NO FASTER OR MORE CONSISTENTLY ACCURATE PRESS FEED THAN THE 


SWIFT FEEDER 


Swift Feeders employed in production in our Associate Company may be seen at 
any time by appointment. 
BIRMINGHAM TOOL & GAUGE CO. LTD., BIRMINGHAM, 19, and 26 HOLBORN VIADUCT, LONDON, E.C.1. 


A Member of the DENBRO Group of Comp 














Do you have our Stocklist 
of Standard and 
Non-Standard Tube? 


in Mild Steel and Stainless Steel Mar kland Scowe t" obt 


in Randoms or cut to length Bromley Cross Nr Bolton 
Telephone EAGLEY 600 § 
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ARCHDALE 


HYDRAULIC MULTIPLE 


¢ 
o 
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PRURC ATES Ie; 


cuts costs on ‘JAGUAR’ connecting rods 


At Jaguar Cars Ltd., Coventry, this Size 2 ARCHDALE 
ga: hydraulic feed multi-drill is fully meeting the demands of 
expanding production schedules. Using a four-station 
indexing table, with one loading and three 


——— 















x working positions, connecting rods are produced ea 

i at fast rates. Small ends are drilled and reamed, ‘ey 

< and the large ends are core drilled and bored. Uy 4 = 

e Small end bore is ¢¢ in. dia., and large end 2.200 in. gram ! ‘ 
MACHINE TOOL 

= = if your problem calls for standard or special LONDON 1960 C7. 

= multi-drilling ARCHDALE have the answer. JUNEIS-IULY 8 





=e Ask for production estimates. STAND No. 50 


= JAMES ARCHDALE & CO. LTD. 


Regd. Office: Ledsam St., Birmingham 16 Works: Blackpole Works, Worcester 
Telephone: EDGbaston 2276 Telephone: Worcester 2708! (6 lines) 
A ber of the S ley Coal & iron Co. Ltd., Group 


Sole Selling Agents: 
ALFRED HERBERT LTD., COVENTRY. Telephone: Coventry 89221 
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How costs are cut with SALTER RETAINERS 





Salter retainers simplify design of 
self-sealing coupling with great savings 





MACHINING x 





= Naa WH outer shoulder ring (15 mins) 4/- 14/4 








inner retainer (20 mins) 5/44 
saved on 
oe |. | threading (4 mins) 1/02 
THE OLD WAY Self-sealing coupling j 
used over-sized internal and_ external each unit 
—— a. .. costly milling, turning ‘ 
and threading operations were necessary, 2. 
and assembly slow and difficult. ASSEMBLY 62 
by use of 
total labour saving 10/11 





MATERIAL 











brass threaded retainers 3/5 RETAINERS 






















TOTAL SAVING WITH 
14/4 
SALTER RETAINERS aie 
THE SALTER WAY Two Salter Retainers 
replace heavy threaded retainers, and 
eliminate many costly tooling operations. 
Assembly, disassembly and maintenance is 
simplified. 
D ° D DED A ° 
1760 ; i i A 
SAL ) 
a 9) f] ? 
%, 


“ey 9S0 ' Le 


( Circlips @ Fasteners Retainers x mil Fixes 


Geo. Salter & Co. Ltd., West Bromwich. Spring Specialists since 1760 


H-W.482 




















‘Shell Volu 
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Before Shell produced Voluta Oil 45 it was 
thought that oils which were to be used for heat 
exchange purposes must have a high flashpoint 
—to reduce fire risk, and a high viscosity—to 
prevent excessive leakage through pump glands 
and to provide adequate lubrication for pump 
bearings at high temperatures. Heat exchange 
systems containing these viscous oils, however, 
were sluggish, particularly when started up from 
cold. The oil circulated slowly over the source 
of heat and suffered thermal decomposition, or 
“cracking”. This, in turn, produced low flash- 
point materials and carbon which insulated the 
heating surface. 

Shell, therefore, began investigating the suit- 
ability of oils of lower viscosity and different 
chemical constitution. From this research was 
developed Shell Voluta 45. 

Shell Voluta 45 contains hydrocarbons with a 


The Research Story 


TRIUMPHS OF SHELL RESEARCH 


7 heat exchange practice 


saturated ring structure which does not have the 
tendency that high viscosity straight chain paraffin 
hydrocarbons had—to break down at high tem- 
peratures. Because of its low viscosity Shell 
Voluta 45 heats up more quickly from cold and 
circulates more rapidly thus avoiding local over- 
heating and thermal decomposition. 

Shell Voluta Oil 45 has excellent heat transfer 
properties, good thermal stability and good 
lubricating properties. It is recommended for use 
in all closed heat transfer systems. 

The moral of the story is that Shell research 
is supremely applicational. The centre at 
Thornton is always ready to work with even the 
most specialised sectors of industry to produce 
the right oil for the job. If you and your 
organisation have any major lubricating 
problems, it pays to get in touch with your local 
supplier of Shell Industrial Lubricants. 











Laboratory research to compare the high temperature per- 
formance of various oils in a rig simulating practical conditions 
showed that when oils of varying viscosities were maintained 
at an average temperature of 325°C. for 200 hours, the closed 
flashpoint of the high viscosity oils had dropped to a lower 
figure than that of oils of lower viscosity, indicating that some 
thermal decomposition had taken place. 

Experimental oils were subjected to Heat Stability Tests and 
to tests designed to measure the variation in heat transfer 
coefficient with time. The most promising of these oils was 
then given extensive field trials, both in Shell Installations and 
in industry. From this extensive research was developed 
Shell Voluta 45. 

















- SPECIFIC HEAT 
- VISCOSITY 


‘on 





K - THERMAL CONDUCTIVITY 




















TEMPERATURE - ‘F a 








Physical properties of Shell Voluta Oil 45. 

K. Thermal Conductivity—B.T.U./sq. ft. per 
hour per 1°F. per inch. 

S. Specific Heat—B.T.U. per lb. per 1°F. 

V. Viscosity—Kinematic centistokes. 


HEAT TRANSFER OILS 


another proof of Shell leadership in lubrication 
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. 
is made from ralsin Nylon 11... and that makes it special. If you'd 


made the same thing in, let’s say steel for instance, it would have needed 
lubricating for a start all the time—which is just what you wouldn't have to do 
if you'd made it of RALSIN in the first place. And last; they really do last... 


made of RALSIN. Silent meshing too... smeshing! 


*RALSIN in light engineering provides mouldings 
and extrusions of great mechanical strength which 
are dimensionally stable, shock and abrasion 
resistant and light in weight. 

For prototype work, RALSIN can be machined. The 
material has a high degree of dimensional stability 
and piece parts produced from RALSIN are capable 
of being operated continuously at temperatures up 
to 100°C and down to as low as —64°C. 


WHIFFENS chemicals for industry 


A member of the Fisons Group of Companies 
Sole agents for RALSIN in the 


RALSIN (density 1.04) is the lightest polyamide avail- 
able commercially. There are many ways in which 
RALSIN can improve your present products; it can 
also be instrumental in achieving success —particu- 
larly with intricate projects. Whiffens Publication No. 
M/2/16 will give you all the details you will need 
about its application and characteristics. Their 
Technical Service Department will be happy to talk 
over any particular details of application with you. 





United Kingdom, C ith of Australia and D 


WHIFFEN AND SONS LIMITED 


of New Zealand and Canada 


Willows Works - Derby Road - Loughborough - Leicestershire - Telephone: Loughborough 3141 


@ Ws3a 
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OLYMPIA, LONDON, June 25—July 8 
(Sundays excepted) 
9.30 am-6 pm 


Make sure you visit the greatest engineering event of the year — 
The International Machine Tool Exhibition . . . No-one 
concerned with quantity production — whether in technical, 
administrative or operative capacity — can afford to miss this 
vast and truly comprehensive show at Olympia, London. 

It summarizes the best of contemporary production techniques ; 
it shows the shape of things to come! 


Machine Tools 

Engineers’ Small Tools 

Gauges and Measuring Equipment 
Testing Equipment 

Electronic Control Gear 

Presses and Power Hammers 
Woodworking Machinery 

Heat Treatment Plant 


Here’s your opportunity to see them all 
under a single roof — to see many of them 


powered and in operation — to discuss their 





application to your own production problems with 
the world’s best-informed production experts. 


International 


Machine Tool ati oy eh bi 


Tool Trades Association, 
Brettenham House, 


Exhibition 1960 = | =" 


London, W.C.2. 
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Vid lower 


THE WORLD'S 
MOST ADVANCED 
HYDRAULIC 
EQUIPMENT 


ARE YOU TRYING TO : 








@ APPLY LARGE FORCES THROUGH LONG... 
OR SHORT .. . STROKES AT VARIABLE 
SPEEDS ? 


@ OBTAIN AUTOMATIC WORK CYCLES, 

VARIABLE SPEEDS IN EITHER DIRECTION 

. WITH OR WITHOUT PRE-SET TIME 
DWELL ? 


@ APPLY LARGE FORCES THROUGH CON- 
TINUOUS OR INTERMITTENT RECIPROCAT- 
ING CYCLES AT CONSTANT OR VARIABLE 
VELOCITIES ? 


@ OBTAIN EXTREMELY ACCURATE CONTROL 
OF EITHER POSITION OR SPEED OF A 
RECIPROCATING MEMBER ? 


You Heed Oilgear! 


Weatherley 
Oilgear 
Limited 


HYDRAULICS DIVISION, TELEPHONE ; 
BIGGLESWADE, BEDS. 2351 

















HICHMOND 


MILLING & DRILLING 
MACHINES 


Speed, rigidity, flexibility. These are the basic points that 
the discerning buyer looks for in a machine tool. But these 
essential qualities don’t just “ happen” — in the case of 
the famous “Richmond” range of Milling and Drilling 
Machines, they are factors built-in at the blue-print stage 
by an expert design team and then translated patiently 
into reality by some of 
the finest craftsmen in 
Britain’s industrial North. 



















No. 3 VERTICAL 
MILLING MACHINE 


Table Size : 48” < 11”. 
Capacity : 30” x 8” X 16”. 
12 Speeds — 12 Feeds. 
Automatic and QPT. to 
all motions. — oo 
Spindle Bored 
No. 40 B.S.S.T. 
Head Swivels 
45° Right 
or Left 
3” Vertical 
Spindle 
adjustment. 









H.B. 3/12 RADIAL 
DRILLING MACHINE 


12 Spindle Speeds 

0 - 960 R.P.M. or 
40 - 1800 R.P.M. 

4 feeds — .004 to 
.013 ins./rev. 

Pillar dia. 12”. 
Spindle bored No. 4 
Morse taper. 

3 sizes 3’ 6”, 4’ 0” and 
4’ 6” radius of Drill 
Spindle. 














Telephone: 76032/3 Telegrams: ‘Tools, Leeds, England’ 





Range the 


HIGMMOND 


MIDGLEY & SUTCLIFFE LTD. 


Hillidge Works, Hunslet, Leeds 10, England 


world over ! 














WOL. | 
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The 1200 series 
THE MOST 
WIDELY USED 
COMMERCIAL 
COMPUTERS 
IN BRITAIN 


Users say... 


“30,000 stock items held 
throughout the U.K. 
accurately reviewed each 
month, correcting unbalance, 
excesses and shortages, and 
considerably reducing the 
stores holding.’ 


‘Positive control has reduced 
work in progress by 55%, 
the production cycle by 40%, 
and shortages by 80%.’ 


‘With two computers we 
processed 2,048,000 subsidy 
claims last year totalling 
£47 million, and payment 
was much quicker.’ 


The 1202 general-purpose com- 
puter is a tried and proven 
successin companies both large 
and small. It is the latest in a 
series that has already exceeded 
more than half the combined 
sales of all other commercial 
computers ordered and 
delivered in Great Britain. 


ASK FOR I-C-T SERVICES Special- 
ist Advice, Films, Education, 
Training and Demonstrations, 


Some users of 


1201 and 1202 
computers 


THE MORGAN CRUCIBLE CO. LTD 

MONSANTO CHEMICALS LTD 

BRITISH RAILWAYS, WESTERN REGION 

LCI LTD (ALKALI DIVISION) 

MINISTRY OF SUPPLY, CHESSINGTON 

PROVINCIAL ADMINISTRATION OF THE 
CAPE OF GOOD HOPE 

IRISH SUGAR CORPORATION 

SHELL REFINING COMPANY LTD 

O.K. BAZAARS (1929) LTD, SOUTH AFRICA 

GUEST, KEEN & NETTLEFOLD 
(MIDLANDS) LTD 

WEST RIDING OF YORKSHIRE COUNTY 
COUNCIL 

THE GENERAL ELECTRIC CO. LTD, 
BIRMINGHAM 

MINISTRY OF AGRICULTURE, 
FISHERIES AND FOOD 

MIDDLESEX COUNTY COUNCIL 

SOUTH WESTERN REGIONAL HOSPITAL 
BOARD 

1-C-T LTD, LETCHWORTH 

BRITISH TIMKEN LTD 

COMMONWEALTH BUREAU OF CENSUS 
STATISTICS, AUSTRALIA 

H.M. STATIONERY OFFICE 

BRITISH RAILWAYS, DARLINGTON 

GENERAL POST OFFICE 

GENERAL MOTORS S.A. LTD 

PILKINGTON BROTHERS LTD 

NOTTINGHAMSHIRE COUNTY COUNCIL 

BRIGHTON CORPORATION 

BIRMINGHAM CORPORATION 

MINISTRY OF FINANCE, NORTHERN 
IRELAND 

1-C‘T LTD, CASTLEREAGH 

H.M. NAUTICAL ALMANAC OFFICE 

NOBLE LOWNDES & PARTNERS 

MONTAGUE BURTON LTD 

HENRY WIGGIN & CO. LTD 

DURBAN CORPORATION, SOUTH AFRICA 


International Computers 
and Tabulators Limited 


149 Park Lane, London, Wl 


and offices throughout Great 
Britain and overseas 
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MACREADY’S 


The Macready service is now well-known to users of Bright Steel. 
It is the result of excellent warehouse facilities, using our own 

fleet of lorries for deliveries and an efficient staff to . 
deal with your orders and enquiries. 


MACREADY’S METAL COMPANY LTD. 


USASPEAD CORNER, PENTONVILLE ROAD, LONDON, N.! 
Telephone: TERminus 7060 (30 lines) : Telegrams: Usaspead, London, Telex * Telex No. 22788 








Mr. STEEL 




















wanton] WOou Buy a Press Brake for— 


as" THE SPECIAL WORK IT PRODUCES 


then choose 


« STAND 8 the entirely 
GRAND HALL 


NEW BESCO-TRUEBEND 
ALL-STEEL PRESS BRAKE 


for your light and medium sheet metal bending 
and section forming and be very satisfied with the 
results—9 sizes in 20, 40, 60 and 80 tons 
capacities. 
Their versatility is remarkable; in addition to 
forming in individual or progressive operations, 
using single or multiple dies and attachments, they ; 
will corrugate, bead, seam and wire; punch, notch, © 
blank and pierce; emboss and press. Auxiliary 
equipment includes gauges and punching units. 
Besco-Truebend Press Brakes are of steel plate 
construction, designed and built using only the 
best of to-day’s features, materials and methods. 
Our leaflet 62M describes them fully and leaflet 
HP 459 tells of the FJE Machine Hire Plan to 
give you this new plant with no capital expense. 
You should have these publications. May we 


send them to you? — 
Registered Design No. 89333! 


Besco-Truebend is a registered name. 7 ; 
Model No. Tons! 59/79 | 40/72 | 40/96 | 40/120 | 60/72 | 60/96 | 60/120 | 90/96 | 80/120 . 
a a die length 


i ity : |48° x’ ede Oe Oe ee ee 
Edwards House, 359-36! Euston Road, London, N.W. | “Lance ret : be 48" x 7172" x 4°] ¢ thes 48” x 47172" x 196" x 4°| 72” x 4” 196" x 
Phones : EUSton 468! (7 lines) & 3771 (4 lines) Grams: Bescotools London NWI animal Lat hem te 


172” x16]_., ,/96”xI4}120"x 16, = ot 20" x 12, a 
Lansdowne House, 41 Water Street, Birmingham 3 Overall length Aplin, 72° x lowe. swol? x 196” } s.w.c.P% x f'l120" x 4 


Phones : CENtral 7606/8 Grams ; Bescotools Birmingham 3 Telep 
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Increase Production with 


thesenew ADAPTABLE 
tools for multiple 
burring nut-running 
drilling reaming 
grinding screw-driving 
tapping 


“ARO-BROOMWADE™ 


— are self-feed pneumatic tools which can be 
mounted at any angle for automatic or semi-automatic 
operation on long or short production runs. 

One man can operate a whole battery of Par-A-Matics 
and any number can be linked for simultaneous 
operation. 


Write now for Publication No. 443 T.E. 


Air Compressors and 
Pneumatic Tools 
YOUR BEST INVESTMENT 


BROOM & WADE LTD., P.O. Box No. 7, HIGH WYCOMBE, ENGLAND 
Telephone: High Wycombe 1630 (10 lines) Telegrams: “Broom”, High Wycombe (Telex) 
623SAS 
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‘WIMET’ IS THE REGISTERED TRADE MARK OF HARD METAL TOOLS LTD., A WICKMAN ASSOCIATED COMPANY 547ST 
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PRECISION GRINDING RESEARCH 


by H. GRISBROOK, B.Sc.(Birm.), A.M.C.T., M.1.Prod.E. 


This Paper — condensed from a research thesis* — 
is a first report on a current research project 
in the postgraduate Department of Engineering 
Production in the University of Birmingham. 


The work is being carried out on a Churchill 
8in. X 16in. Plain Surface Grinding Machine, 
equipped with a specially designed dynamometer 
capable of operating at a maximum table traverse 
speed of 38ft. per minute under wet grinding 


conditions. 


To indicate the need for this investigation and 
the significance of the preliminary findings, this 


Paper begins with a survey of previous work. 


*H. Grisbrook: “ Precision Grinding” Official Degree 
Thesis. Department of Engineering Production, University 
of Birmingham, May, 1959. 


Department of Engineering Production, 


University of Birmingham. 


A MAJOR step forward in the field of research 
in precision grinding was made at M.I.T. in 1952 
by Shaw and his associates, who developed a dynamo- 
meter! by means of which the direct tangential 
and normal forces in surface grinding were first 
measured. 

In 1915, J. J. Guest 2,3 had developed certain 
theories based purely on the geometrical relation- 
ships between the grinding wheel and work, their 
dimensions and speeds, and the depth of cut, and 
the M.I.T. experiments found some measure of agree- 
ment with these theories. 

However, the M.I.T. dynamometer was restricted 
to dry grinding and thus to a maximum work speed 
of 16f.p.m., the majority of the runs being carried 
out at 4 f.p.m. 

These particularly low work table speeds, as noted 
by Tarasov in the discussion on Shaw’s Paper, 
imposed limitations which cramped further develop- 
ment. Nevertheless, the establishment of the 
co-efficient of grinding, and the specific energy in 
grinding, provided a basis for further investigation. 

The significance of chip thickness as the important 
variable in relation to specific energy and. surface 
temperature, has received considerable attention from 
earlier workers 4, 5, 6, 15, 18, the main interest being 
to explain the very high specific energy in grinding 
as compared with milling and single point metal 
cutting. 

The application of Merchant’s theory of the 
mechanics of the metal cutting process, and the 
hypothesis that grinding is analogous to milling 4, 5, 
has led to the determination of the rake angle of the 
chips from the assumption that the radial and 
tangential forces are the main fundamental para- 
meters as in milling. 


251 








This preoccupation has ignored Boston’s suggestion 
(4 discussion) that chip removal by a negative rake 
grit, with its attendant end friction, may follow a 
different law from that associated with sharp edge 
cutting tools. In this direction, however, Hahn in 
1956 9 introduced his “rubbing end grain hypothesis” 
and emphasised the fundamental importance of the 
dull grit. 

The zero clearance, resulting from diamond truing 
to spark out, serves to emphasise the rubbing grain 
theory and Hahn extends this by accepting rubbing 
as the main source of heat in grinding. The fact 


Tangential Force 
that the ratio = 2 for 
Normal Force 





turning and only }.for grinding, suggests a funda- 
mental difference which is supported by the large 
difference between specific energies for the two 
operations 9. 

In his defence of the role of chip thickness in 
grinding, Reichenbach 15 suggests that chip thickness 
will maintain its significance in relation to specific 
energy independent of prevailing conditions. 

On the contrary, Hahn claims9 that below a 
particular chip thickness (less than .0004 in.), there 
are conditions when only dust and not grinding chips 
are produced. 


* 


Fig. 1. 


General view of the equipment. 


Thus it seems possible that there are two different 
mechanisms of metal removal in grinding, and that 
at some stage the process changes from one pre- 
dominantly of cutting as comparable with the milling 
operation, to one of rubbing. Such a suggestion does 
not depend on the theory of critical chip thickness + 
where theoretical shear strength of the work material 
is involved. 

Further support is given to this theory of the rub- 
bing grain by the role of sliding friction in Region 
III, on the graph, in the Paper by Mayer and 
Shaw 21, 

It will be seen, later, that this present research 
confirms this hypothesis. 


grit size 

The influence on chip width of the size of the 
individual grit has been determined from a taper 
section of a ground surface 4. 

Guest proved that grit spacing is inversely propor- 
tional to the square of the average linear dimension 
of the grit, therefore the forces should vary in some 
relation to grit size. This proved to be the case in 1, 
where higher specific energy resulted for grit 
sizes coarser or finer than the optimum for the con- 
ditions considered. This was also observed by 
Landberg 7. 
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wheel selection 


In industrial practice, this is a problem of adjust- 
ment of bond hardness to grinding conditions 18, 22 
and Tarasov (discussion !) expounds the principle of 
wheel wear as a result of bond-post failure. 

Merchant 5 did not experience bond-post rupture 
during the experiment involving wheel grades of 
H, I, J, K and L. Wheel wear was attributed to 
fracture of the grit. Merchant did, however, “ mention 
as a point of interest, that bond-post rupture was 
later experienced at a chip area a small amount 
greater than the maximum used in the experiment ”. 
The maximum chip thickness was of the order of 
25, which is not a condition of normal stock 
removal. 


Landberg? found that there was an optimum 
wheel hardness, and that vibrations developed much 
earlier in wheels softer or harder than the optimum 
grade. 


In view of the emphasis on the importance of the 
hardness of wheels, accepted in industry, there is 


Criteria 
Forces 
Wheel 

Condition 
Condition of 
Work Surface 
Accuracy of 
Dimension 


TABLE | 


LIST OF VARIABLES IN 
PRECISION GRINDING 


need for more consideration to be given to this 
factor during investigations. It is summed up by 
Hahn 9 in the final paragraph — “... any grinding 
theory, if it is to be realistic... should contemplate 
the very real differences between sharp and dull 
grits and between soft and hard wheels”. 

The theories concerning the mechanism of grind- 
ing, expounded by the above workers, serve to 
emphasise the complexity of the process. (see 
“Variables in Grinding”, Table I). It is involved 
with wheel speed, work speed, rate of feed, arc of 
contact between wheel and work, type and size of 
grit, type and hardness of bond, variations in work 
material and its hardness, wet or dry grinding and 
the machine conditions. It is further complicated by 
the multitudinous orientation of the grits over the 
working surface of the wheel and by the random 
values of cutting angles and clearance angles of the 
individual grits. 

In addition the idiosyncrasies of wear and fracture 
of the grits, a constant recurring process, are indivi- 
dual characteristics not yet understood. 
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These variables are superimposed on three possibly 
different requirements of :- 


(i) stock removal; 
(il) production of size; 
(iii) production of fine surface finish. 


Thus, it will be appreciated that it can be possible 
for theories to be developed, which are apparently 
contradictory, but unless all the relative factors are 
comparable, the findings cannot be compared. 

In view of the wide range of variables, it is to be 
expected that investigations will be based upon some 
industrial practice, where experience has taught con- 
trol of a majority of the variables involved, and thus 
permit concentration on a limited range. 

Furthermore it will be inevitable that findings in 
the early stages will be related to, and compared 
with, existing grinding practice. 

The following selected findings of past research 
are involved in this report :- 


chip thickness 
A widely accepted formula has been evolved 4 


V —__— 
=f 40M Vaz 
VyCr D 


where t = chip thickness 
Vv 


Vw = wheel speed in f.p.m. 
C = number of effective grits per sq. in. 
of grinding wheel face. 
r= ratio of width to depth of scratch 
generated by a grit. 
d= depth of cut. 
D = wheel diameter. 

With decrease in chip thickness, shear stress, on the 
shear plane 5, increases until a critical chip thick- 
ness in the region of 30 X 10 in. is reached. Below 
this value, grinding forces and specific energy for 
all hardnesses of steel are constant 4. Fine grit wheels 
have higher values of C, and therefore produce 


thinner chips, which results in higher specific energy 
(Reichenbach) 9. 





M = work speed in f.p.m. 


ratio of forces in up-grinding and down-grinding 


Letner and Backer, Marshall and Shaw found, this 
ratio to be unity at 4 f.p.m., while Tarasov 1 found a 
20°/, increase for table traverse speeds of 60 f.p.m. 


co-efficient of grinding 


F 


T = normal forces. 


Fy = tangential forces 


This ratio F /F has been found | to be in the 


region of 0.5, as compared with a value of 2 for 
single-point cutting. Because of its similarity with the 
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ratio for the co-efficient of friction, it is given this 
name of co-efficient of grinding. Higher forces and 
lower co-efficients of grinding were experienced with 
silicon-carbide grit wheels, as compared with wheels 
of aluminium oxide grit. 


specific energy 

The energy, measured in in.-lb. per cubic inch of 
metal removal, was found to be approximately 
10 X 10° in.-lb. per cubic inch for “A” wheels and 
25 X 10° for “C” wheels 1. This is compared with 
0.5 X 10° in.-lb. per cubic inch for single point cut- 
ting 1,5. Specific energy increased as depth of cut 
decreased. This was observed at 4 f.p.m. work speed. 
Tarasov (discussion 1), claimed that specific grinding 
energy increased roughly ten-fold as table speed was 
decreased from 60f.p.m. to 5f.p.m. and that most 
of the rise occurred below 20 f.p.m. 


material hardness 

In references 1, 4, 5 there was no significant 
difference in the specific energy for different hard- 
nesses of steel. This was reasoned to result from the 
increase in shear strength being compensated by the 
reduction of friction for the harder steels. This also 
was for slow table speeds and again Tarasov claims 
that for higher table speeds, compatible with 
industrial practice, there is considerable variation of 
horizontal forces and of specific energy, with changes 
in Rockwell hardness for a given steel. 


grit spacing 

Hahn 10, basing his reasoning on the elastic 
characteristic of the wheel bond, anticipated an 
increase in the number of grits in action under 
heavier loads. Tests of rolling grinding wheels, under 
various loads over smoked screens, proved that 
although the grit images increase in size with load, 
there was no appreciable increase in their number 15. 


wheel wear ; 

Metal removal was claimed as the only variable 
affecting wheel wear 6. It was found, however 8, that 
by excessive feed, wheel wear increased and could 
exceed metal removal. 


wheel dressing 

The shape of the truing diamond, its speed of 
cross-traverse, and the technique: of. dressing are 
recognised as important factors in the grinding forces 
and the degree of repetition of results 1,9, 10, 11, 
With diamond truing, the individual grits are cut and 
clearance angles reduced to zero 2, 9. 

Wheel crushing results in cooler cutting and lower 
grinding forces than diamond dressing. Unequal 
hardness around the circumference of the wheel was 
experienced and unwanted taper on the wheel 
results 20. 


rake angle 

Working from comparisons of tool friction with 
positive and negative rake angles when turning, 
Backer and Merchant concluded that the chip rake 
angle was -30°. Backer, Marshall and Shaw 4 
assumed zero rake on the probability of having as 
many grits with positive as with negative rakes. 
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thermal conditions 

Heat generated by grinding determines both work 
surface conditions and the forces involved. Lower 
temperatures occur at higher work speeds, Hahn 9. 

The heat wave, which moves with grinding along 
the workpiece, caused higher forces over a longer 
workpiece |. 

Chao and Trigger (in discussion of Ref. 1) “... 
the temperature gradient ahead of the grinding zone 
is extremely steep, and, with a downfeed of 0.001 in. 
it should make little difference whether the length of 
the specimen is 4 in. or 3 in. insofar as its effect on 
volumetric expansion is concerned.” Temperatures at 
the chip-grit interface exceed the melting point of 
steel, but, as melting is a time-temperature reaction, 
melting does not occur 6. Practically all of the 10° 
in.-lb. per cubic inch involved in grinding will appear 
in the form of thermal energy 6. 

Outwater and Shaw claim that 35°% of shear 
plane energy passes, as heat, into the workpiece 6. 
Grit-chip source of heat is not expected to supply 
heat to the workpiece (Hahn 9). Shear plane energy 
is 50% of total energy 6. 

Hence less than 20°/, of total heat passes into the 
workpiece if Merchant’s5 analogy with milling is 
correct. 


residual stresses 

Stress effects in the ground surface are deeper than 
the depth of cut and of a magnitude higher than the 
yield point 12, 13, 


cutting fluids 

Grinding oils result in lower temperatures than 
water-based fluids. This suggests that superior lubri- 
cation action more than offsets their poorer cooling 
capacity relative to water-based materials 21. 


vibrations 

Waviness of wheel and work periphery develops 
during grinding and leads to vibrations. Grinding 
forces fall as vibrations develop 7. 


programme of research 

The current research commenced. with the design 
and development of a grinding dynamometer on 
similar lines to the M.I.T. instrument, but capable of 
working at the maximum table speed (38 f.p.m.) 
under wet grinding conditions. The first objective 
was to determine the reliability of the equipment by 
comparison of results with those of earlier workers, 
where equivalent conditions could be established. The 
second objective was to plan the experiments to cover 
as wide a field as possible within the range of the 
equipment. To assist in this selection an analysis of 
the variables in precision grinding was made (Table I). 

It was anticipated that, from a survey of the 
results, it would then be possible to make selections 
of particular factors for subsequent detailed and basic 
analysis. 

Thus, the report which follows is in the nature of 
a reconnaissance, but, as is always hoped for in such 
surveys, Certain relationships have been observed from 
which preliminary conclusions can be made. In re- 
gard to these conclusions, it still remains necessary 


to repeat the operations, so as to provide a sample 
sufficiently large to ensure an accurate statistical 
analysis. 


The work has been concerned with :- 


(a) the magnitude and characteristics of the normal 
and tangential forces at the work wheel inter- 
face for selected combinations of depths of cut 
and work speeds; 

(b) the specific energy under these varying grinding 
conditions ; 

(c) the measurement of wheel and table speeds 
under the grinding load; 

(d) the relationship between up and down grinding 
conditions ; 

(e) the change in the pattern of the forces as 
grinding proceeds; 

(f) the change in the character of the working 
surface (the grit and bond) of the wheel with 
changes observed at (e); 

(g) the specific energy in relation to chip thickness 
and rate of metal removal. 


The studies, so far, have been undertaken with 
wheels of three widely different grades, two types of 
grit of three different sizes, and on three different 
samples of work material, viz: two hardnesses of 
steel and one of cast iron. 


equipment 

The grinding machine used for these investigations 
is an N.B. Model Surface Grinder manufactured by 
The Churchill Machine Tool Company Limited, and 
is a standard production model having an infinitely 
variable hydraulic table traverse with a maximum ‘ 
speed of 38 f.p.m. The grinding wheel spindle main 
bearings are of bronze, pad lubricated, and of the 
standard design adopted by The Churchill Company. 


vertical feed 
The machine has been modified to provide auto- 
matic vertical feeds in increments of 0.00005 in. 


The feeds adopted during this first investigation 
were :- 


0.05, 0.1, 0.2, 0.3 10° in. 


the dynamometer 

A diagram of the special dynamometer — already 
referred to — is given in Fig. 3, and a photograph in 
Fig. 2. 

Referring to Fig. 3: 

A vertical cantilever post carries the horizontal 
force and horizontal beams support the vertical force. 
The basic feature is that isolation of these two forces 
is ensured by the steel wire linkage, between the 
work fixture and the vertical post. The work fixture 
is mounted on an aluminium bridge, to which are 
bolted the support beams. An aluminium intermediate 
plate carries four inverted vee blocks, one at each 
corner of the plate, and the beams are supported on 
pins housed in the top of these blocks. The vee blocks 
ride on four steel balls providing kinematic location, 
by being supported: in vee and flat location blocks 
fixed to the steel baseplate. 
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Fig. 2. 
Dynamometer. 


Horizontal anchorage of the beams to the 
intermediate plate is by means of steel feeler 
strip which is fixed to the ends of the beams, 
immediately above the support pins, and secured by 
dowels and screws into the top of the vee blocks. A 
side acting Talymin gauge, strapped to the inter- 
mediate plate, engages the head of a screw housed 
in the bridge and vertical deflections, due to grinding 
forces, are recorded on a rectilinear tape recorder 
fed from the Talymin gauge. 

The horizontal forces are similarly recorded from 
deflections of the vertical post, picked up by a Taly- 
min gauge, which engages the head of a screw fitted 
in the top of the post. The horizontal beams consist of 
two cantilevers and a simple beam, affording three- 
point support for the bridge. These beams and the 
vertical post were designed so as to permit replace- 
ments by beams of varying rigidity, to meet the 
requirements of different investigations. ‘To damp the 
vertical vibrations an oil dash-pot was incorporated 
underneath the bridge. The steel wire was tensioned 
by a further wire extending from the work fixture to 
a second vertical cantilever post at the opposite end 
of the bridge. Satisfactory functioning of the 
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horizontal deflection system demands 
that this second post shall be deflected, 
due to the initial tensioning, by an 
amount greater than the total deflec- 
tion, to be encountered during grinding, 
of the primary post. Thus the secondary 
post is of smaller diameter and hence 
of different frequency than _ the 
primary post. 
wheel speed 

The wheel and work speed indicator 
are illustrated in Fig. 4. For the wheel- 
speed an E.M.I. Electronic Tachometer, 
Type 2, Serial No. 060, is used. This 
instrument which employs a_ probe 
receiving impulses from a disc mounted 
on the wheelspindle driving pulley, has 
been fitted with a jack and fed into an 
A.C. Cossor, Model 1049 Oscilloscope. 
A 6-volt current, from Nife batteries, 
is put across the input terminals of the 
oscilloscope so that the beam movement, 
on the screen, covers the speed range 
from 1,700 to 2,500 r.p.m. 


stroboscope 


For purposes of calibration the actual spindle 
speed is measured by means of a Dawes Stroboflash 
Type 1200D. 


table position and traverse speed 


Fig. 4 shows a specially constructed table traverse 
indicator, oscilloscope and microchromometer within 
the field of a 16mm. Kodak Ciné Special Camera. 


Two enlarged frames of the ciné film are given 
in Fig. 5(a) and (b). From the film analysis are 
determined : 

1. spindle speed, free running; 

2. spindle speed successively along the length of 

workpiece ; 

3. table speed free running in each direction; 

4. table speed, successively along the length of the 

workpiece ; 

5. serial number of the run. 


Fig. 3. Diagrammatic view of the 
dynamometer. 
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spindle temperature 

The wattmeter reading, when it has assumed a 
steady minimum value during free running, gives an 
indication of stable running conditions of the spindle 
drive. 

In addition, the maximum stable temperature of 
the wheel spindle is essential to ensure constant con- 
dition of clearances in the spindle bearings and of 
oil viscosity. To observe when these conditions obtain 
a thermometer is fitted in the spindle cover plate, 
engaging with the fixed ring of the spindle front 
bearing. 
cutting fluid 

The cutting fluid used was soluble oil, “Solvac 
Clear” by Vacuum Oil Company Limited, in the 


proportion | in 48 parts of water at the rate of 
1.2 gallons per minute. 


Wheel Dimensions 


Outside Diameter 8 in. 
Width 2 in. 
Work Dimensions 

Width 4 in. + 0.001 in. 

Length 3 in. 

Section ae 
1 in. Max. 
| din. Min, 
' 

variables 


Grinding wheels were supplied and specially graded 
by Universal Grinding Wheel Company Limited, to 
ensure that the grade spacing was uniform. An exact 
record of the characteristics of each wheel has been 
kept by the manufacturers for reference purposes 
should any of the results prove this to be necessary. 

The standard wheel adopted was WA. 46 J.V. 

Comparisons were made between : 

grades of hardness G, J and M. 
sizes of grit 36, 46 and 60. 
abrasives W. (Al, O;) and C(Si.C). 





Fig. 4. Wheel and work speed indicators. 


work material 

The material used, supplied by Arthur Balfour and 
Company Limited, Sheffield, was “N.S.S.3” oil 
hardening non-shrink steel, C 1.0%, Si 0.3%, and 
Mn 2.0%, heat treated as follows :- 


Hardened and stress relieved 800 V.P.H. + 2° 
Hardened and tempered 200 V.P.H. + 2% 
Cast iron, specially prepared low alloyed iron 
by the Department of Metallurgy, Univer- 
sity of Birmingham 195 B.H.N. + 3% 
-~2%, 
wheel speed 
A nominal speed of 2,400 r.p.m., standard for this 
machine, was unchanged throughout the experiment. 
Spindle driving motor is: 
0.9H.P. (Cont.) at 1,420 r.p.m. 
table speed 
The full range of the hydraulic table-traverse drive 
is covered by the following selected speeds. 
8 — 15 — 24 — 36 ft. per min. 
The required speed is set by reference to a Smith’s 
Portable Tachometer. Actual table speed is determined 
from the film analysis. 





Fig. 5(a) (left) and Fig. 5(b) (right). Ciné frames — two frames of the same stroke. 
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planning the sequence of the experiment 


Reliability trials were first carried out to test the 
response, resilience and repetition of the dynamo- 
meter; the durability and consistency, under con- 
tinuous running, of the electrical measuring equip- 
ment; and to determine suitable film speeds, lens 
aperture and shutter openings for the cine-camera. 

The dynamometer was calibrated for different 
magnifications of the Talymin Amplifier, using dead 
weights up to 201b. for the vertieal and horizontal 
components. 

For the vertical loading the weights were positioned 
on the workpiece. The horizontal loads were attached 
to a wire passing over a pulley, mounted on a bracket 
fixed to the table, and connected to the work holding 
fixture on the dynamometer. The possibility of pulley 
friction interfering with load was checked by intro- 
ducing a tension spring balance in the horizontal 
portion of the wire. 

The pen displacements of the Taylor Hobson 
Rectilinear Recorder were observed to be linear and 
consistent for rising as for falling loads. 


effect of work temperature on load calibration 

It was observed during a trial run, when dry 
grinding, that there was a shift of the zero setting 
on the vertical load recording tape. This was found 
to be due to the rise in temperature of the dynamo- 
meter bridge, resulting from the heat generated in 
the workpiece by grinding. 

With the thermometer strapped to the web of the 
bridge there proved to be no rise in temperature when 
wet grinding, during extended trials, and no shift 
of the zero setting. 

During the pilot runs the initial peak in the overall 
force pattern was first observed. This was found to 
respond to the method of wheel dressing and, when 
this was standardised as described below, consistent 
repetition of the initial peak was obtained. 


diamond truing 

Wheel dressing by a sharp pointed pyramid 
diamond was effected by normal speed of cross 
traverse of the table with a depth of cut, at each 
pass, of 0.3 X 10° in. This was repeated until the 
blackened track on the wheel, developed during the 
previous run, was removed. Then followed a reduc- 
tion of the feed to 0.1 X 10° in. with a very slow 
cross traverse and a number of further traverses to 
spark-out. The wheel was considered satisfactory 
following this technique, providing it had a velvet 
touch when tested with the finger. 

A constant flow of water on to the point of contact 
of the diamond was maintained throughout the 
dressing operation. It was imperative that wheel 
dressing took place only when the standardised 
spindle condition had been attained. 
pilot run 

A final pilot run, of approximately 320 cycles, was 
made with a continual recording of the vertical and 
horizontal forces and from this it was planned that 
a test run be divided into groups of 16 cycles. A 
cycle is a pair of consecutive strokes, one in each 
direction. During the first group the forces would be 
recorded for all cycles; this would then cover the 
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initial peak. In succeeding groups only the forces of 
the last five cycles would be recorded and, during the 
last cycle of these five, a film record of the table 
and wheel speeds would be made. This plan was 
found to provide sufficient data to enable a clear 
analysis of the test run to be made. Duration of a 
run would be of the order of 12 groups providing 
stable conditions were obtained. 

It was to be expected that the conditions during 
certain runs would approach the limits of endurance 
of the equipment. Therefore, when signs of approach- 
ing distress appeared, recordings were made as close 
as possible to the limiting conditions before stopping 
the run. 


standardised conditions for the equipment 


spindle driving motor 

After 30 minutes of running, the power consump- 
tion had reached a minimum value on the wattmeter 
between 160 - 180 watts per phase. 


spindle bearings 
The temperature of the front bearing had, in this 
time, attained a maximum between 135° - 140°F. 


hydraulic traverse 

During this period the table traverse had been run 
at slow speed to ensure stable temperature conditions 
and to free the oil system of air. 


electronic circuits 

Fifteen minutes’ warming-up time was found to be 
sufficient for the electrical equipment except that 
the insertion of the tachometer probe, into its work- 
ing position, was delayed until immediately prior to 
a recording. 

This latter precaution became necessary due to the 
proximity of the heat of the spindle bearings. With 
the probe permanently in position there would even- 
tually develop, due to temperature rise, an abrupt 
failure of the probe. 


stroboscope 

This susceptibility of the probe made it desirable 
to record, by means of a stroboscope, the minimum 
and steady running speeds of the spindle for both up 
and down grinding during the filming of the particu- 
lar cycle. This provided a check on the oscilloscope 
reading. 
commencement of a run 

When the above conditions had been obtained with 
the selected wheel and workpiece in position, the 
appropriate table speed and wheelhead feed deter- 
mined, the run commenced with four to six unrecorded 
working strokes before the force recorders were 
switched on for the first 16 cycles. 

This ensured that the workpiece was straight and 
parallel with the table traverse and also reduced the 
effect of instability of the freshly dressed wheel. 


RESULTS 
general 
Table II gives the data of the runs of this sequence 
of experiments. The second number in column I 
refers to the chronological serial number of the run 
and it will be seen that certain runs were repeated to 
check the repeatability of the figures obtained. This 











TABLE |I1— DATA OF THE RUNS 




















(1) (2) (3) (4) (5) (6) (7) 
Material of Nominal Depth Grinding Diameter No. of 
No. of run Workpiece Table of cut wheel of wheel Groups 
Speed in Run 
Ref. Chron. | 
No. order. f.p.m. 10-3 in. in. 
I ! ST.800 VPH 8 0.1 WA 46 JV 7.98 5 
-2 57 ” 8 0.1 WA 46 JV 7.42 5 
3 53 ” 8 0.1 WA 36 JV 8.05 4 
4 52 ” 8 0.1 WA 60 JV 7.98 4 
2 10 va 8 0.3 WA 46 JV 7.75 4 
6 2 vs 15 0.1 WA 46 JV 7.96 10 
7 58 ‘a 15 0.1 WA 46 JV 7.40 9 
8 54 ja 15 0.1 WA 36 JV 8.04 9 
9 51 * 15 0.1 WA 60 JV 7.99 I 
10 47 é 15 0.1 WA 60 JV 8.04 4 
II 31 % 15 0.1 WA 46 GV 7.83 3 
12 46 is 15 0.1 C 46)V 7.96 7 
13 9 és 15 0.2 WA 46 JV 7.80 9 
14 6 n 15 0.3 WA 46 JV 7.86 6 
15 30 % 15 0.3 WA 46 GV 7.88 6 
16 3 = 24 0.1 WA 46 JV 7.93 10 
17 59 e 24 0.1 WA 46 JV 7.38 9 
18 55 se 24 0.1 WA 36 JV 8.03 i 
19 50 % 24 0.1 WA 60 JV 8.00 10 
20 8 és 24 0.3 WA 46 JV 7.84 10 
21 4 “ 36 0.1 WA 46 JV 7.90 10 
22 60 de 36 0.1 WA 46 JV 7.36 12 
23 56 Ms 36 0.1 WA 36 JV 8.02 iI 
24 49 % 36 0.1 WA 60 JV 8.02 10 
25 48 ‘ 36 0.1 WA 60 JV 8.03 8 
26 32 ‘i 36 0.1 WA 46 GV 7.80 7 
27 33 ie 36 0.1 WA 46 MV 7.98 7 
28 5 i 36 0.3 WA 46 JV 7.89 12 
29 29 ” 36 0.3 WA 46 GV 7.88 8 
30 6l ST.200 VPH 15 0.05 WA 46 GV 7.77 8 
31 15 ” 15 0.1 WA 46 JV 7.60 9 
32 26 me 15 0.1 WA 46 GV 7.95 6 
33 37 iv 15 0.1 WA 46 MV 7.94 8 
34 66 ne 15 0.2 WA 46 GV 7.66 7 
35 i e 15 0.3 WA 46 JV 7.71 10 
36 27 15 0.3 WA 46 GV 7.92 5 
37 62 ” 24 0.05 WA 46 GV tas 7 
38 65A ‘i 24 0.2 WA 46 GV 7.67 10 
39 13 24 0.3 WA 46 JV 7.68 8 
40 63A ” 36 0.05 WA 46 GV 7.61 7 
4\ 14 ” 36 0.1 WA 46 JV 7.63 8 
42 42 % 36 0.1 WA 46 GV 7.97 it 
43 38 és 36 0.1 WA 46 MV 7.92 8 
44 64A % 36 0.2 WA 46 GV 7.69 tH 
45 12A » 36 0.3 WA 46 JV 7.70 6 
46 28 ” 36 0.3 WA 46 GV 7.90 8 
47 16 Cl.195 BHN 15 0.1 WA 46 JV 7.58 7 
48 23 ” 15 0.1 WA 46 GV 7.99 6 
49 4l i 15 0.1 WA 46 MV 7.90 4 
50 42 ” 15 0.1 C 465V 8.01 9 
51 19 * 15 0.3 WA 46 JV 7.48 7 
52 22 ” 15 0.3 WA 46 GV 8.01 9 
53 20 24 0.3 WA 46 JV 7.48 8 
54 17 ‘%» 36 0.1 WA 46 JV 7.55 10 
55 24 36 0.1 WA 46 GV 7.98 9 
56 43 ” 36 0.1 C 4)5V 7.99 13 
57 21 ” 36 0.3 WA 46 GV 8.04 3 
proved satisfactory even when the second run table speeds 


occurred some days after the first. 


From the film, analysis of the table speeds revealed 


Wheelspeeds and forces were analysed from the that the mean speeds, during grinding, varied slightly 
film and tape recorder respectively and similarly from the nominal setting and that this variation was 


tabulated. 


greater for up grinding than for down grinding. 
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The deviation ranges for the various table speeds 
are shown in Table III. 














TABLE Ill 
V Range of Average 
M 
ad Up Down 
f.p.m. h % 
8 -1 +4 
15 4 +o 
24 -5 +1 
36 —6 +4 

















Table speed in up-grinding was, in general, 7°/, 
lower than in down-grinding. 

These figures are for actual table speeds under the 
grinding load and when it was realised that the 
speeds in up-grinding differed from those in down- 
grinding, it became necessary to determine the zero 
load speeds. These proved, from their similarity with 
the speeds under load, that the speeds in the two 
directions differ mainly as a result of the hydraulic 
mechanism of the machine. The results also exposed 
the fact that the speeds varied from run to run and 
so it became necessary to examine, more closely, 
whether the direction of the wheel movement relative 
to the table movement had any effect on the table 
speed. 

For this purpose comparisons were made of table 
speeds with the wheel on and off the workpiece 
during the same run; it was shown that the condi- 
tions of grinding, heavy or light, resulted in variations 
in the work speeds under and off the wheel. 

However, the differences are small and of 
no importance where grinding loads, etc., versus table 
speeds are concerned, but it is of interest to note that 
it occasionally arises in down-grinding where the 
work speed under the wheel is higher than the free 
running speed. 

The ratio of the two speeds, loaded and free, 
were :- 


in up-grinding 0.85 - 1.00 with average 0.9., and 
in down-grinding 0.98 - 1.10 with average 1.02. 


spindle speed 

Nominal spindle speed was 2,400 r.p.m.; the actual 
values recorded at the commencement of each run 
varied between 2,380 and 2,440 r.p.m. Accuracy of 
reading was +5r.p.m. due to fluctuation of the 
oscilloscope beam as a result of external disturbances. 

The differences in wheel speeds appeared to be in- 
consistent in both direction and magnitude. How- 
ever, examination reveals that the significant factor, 
determining the drop in wheelspeed, is the force 
involved in the grinding process. 

In Fig. 6 fall in wheel speed is plotted against the 
tangential force Fr for all runs; here the manu- 
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Fig. 6. Tangential force — drop of wheel speed ‘upcut’. 


facturer’s torque slip curve is included. This curve 
conforms closely to the plots within the grinding 
conditions for which the machine was designed and 
equipped. Under the more severe conditions, inevi- 
table during experiments of this nature, it is evident 
that some loss of wheel speed results from belt slip 
and in the extreme condition this amounts to 20°/.. 


The pattern of slow-down of spindle speed under 
load, as found by film analysis, is shown in Fig. 7, 
for up- and down-grinding of the same cycle. 


The wheel slows down to a steady minimum and 
then increases rapidly the moment the wheel leaves 
the workpiece. 

The form of the slow-down curve is one of 
deceleration of the rotating mass of rotor and wheel- 
spindle under the retarding force of grinding. 


The wheel diameters ranged between 8.05 and 
7.36 in. and the surface speed of the wheel ranged 
between 5,050 and 3,300f.p.m. up-grinding and 
5,030 and 3,480 f.p.m. for down-grinding. 


depth of cut 

The values of the depth of cut used during the 
experiment were 0.05, 0.1, 0.2 and 0.3 X 10°, and 
they operated at each end of the table stroke. With 
higher values than this, the wheel stalled due to the 
excessive forces involved. 


chip thickness 

The accepted formula, quoted earlier, was used to 
calculate chip thickness; the minimum value was 
found to approach the critical chip thickness of 
28 X 10° as determined by Backer, Marshall and 
Shaw 4. 
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Fig. 7. Drop of wheel speed in grinding. 200 + 
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forces 

There is a consistent pattern of change in forces 
during a normal run. This is shown in Fig. 8, where 
it is divided into four regions :- 


(i) an unstable region where the forces rise to a 
peak (the elasticity of the machine and dyna- 
mometer is accommodated and the depth of 
actual cut finally equals the down feed) and 
then fall to a steady value as the dulling effect, 
produced by wheel truing, wears off; 

(ii) a region of stable grinding condition where 
forces and speeds are constant and heat is in 
equilibrium ; 

(ili) in this region there is a progressive build-up of 
forces and power reflecting the reactions of the 
wheel to the particular combination of work 
speed, depth of cut and work material. 

Wheel grits become dull, overheating may 
develop and grinding becomes progressively in- 
efficient; 

(iv) the rate of increase of the forces becomes less, 
there is evidence of vibration and as this 
develops the magnitudes of the forces com- 
mence to fall, as observed by Landberg 7. 





: 20 30 
—x—«—, DOWNGRIND 


L [ince] 


No means of measuring vibrations had _ been 
provided, but their presence was indicated on the 
force recordings on the tapes. These vibrations were 
substantial under severe grinding conditions such as 
in the run No. 52 where the regions (ii) and (iii) never 
developed. It became necessary to stop the run, solely 
because of vibrations and not because of high forces; 
forces were falling rapidly. 

The characteristics of the changes in the forces 
as grinding continued were similar for both up- and 
down-grinding and for the vertical and horizontal 
components, i.e., Py and F,. 


That the instability evident in Region I is con- 
cerned with the effect of a dull wheel, resulting from 
the method of wheel dressing, was emphasised during 
a severe run (No. 45). In the first stage of the run 
the forces continued to rise rapidly until the wheel 
stalled. The wheel was redressed and a_ second 
attempt made, but this time the actual run was pre- 
ceded with a period of lighter grinding. When the 
actual run took place, steady conditions were reached 
with a peak hardly discernible. 

A preliminary investigation was made into the 
effect produced on the face of the wheel by the pro- 
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cess of truing. The practice of rolling the wheel over 
a plate glass coated with carbon 4 was followed, first 
with the wheel immediately following truing and then 
by the same wheel after it had run approximately 
300 cycles under steady load conditions. 

As pointed out in Reference 4, the grit contact 
areas can be expected to be larger than the grit due 
to pick up. Therefore to ensure a fair comparison 
the tracks of the two conditions of wheel were made 
alongside each other on the same piece of smoked 
glass. 

For the wheel “as dressed” the areas are of con- 
siderable size, and, by comparison with the worn 
wheel track, can be assumed to include more than 
one grit. This suggests that in addition to the grit 
having a zero clearance due to dressing9 the 
surrounding bond is trued flush with the grit. In this 
condition with the bond shrouding the grit, the wheel 
will be “ loaded ”, forces will be high and will con- 
tinue so until the shrouding breaks down, leaving 
the edges of the grit unsupported. The grit then 
sharpens as the unsupported edges break away. 

Comparisons of forces for the various table speeds 
can be made from Fig. 9. In all these cases the 
standard wheel, WA 46], was used on the harder 
steel, 800 V.P.H. 

The scale of R represents the number of readings 
taken, i.e., the number of groups each of 16 cycles. 
Thus, with a constant depth of cut this axis repre- 
sents the volume of metal removed independent of 
the table speed. This affords a better basis for com- 
parison than would result from the use of time. 

The pattern of forces conforms to the standard 
of Fig. 8, except for the lowest speed where Region II 
is represented by a point of inflection. 

Forces at the commencement of the runs are lower 
at lower table speeds, but, as the runs continue, the 
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reaction of the wheel, to the conditions, is reflected 
in an upward trend of the forces which is steeper for 
the lower speeds. Ultimately, the forces for each 
overtake the forces of the next higher speed and 
even the forces of the highest speed are still climbing, 
though only slowly, after 384 strokes at 0.0003 in. 
feed per stroke. 


It is also worthy of note that F N increases at a 
faster rate than F. except in the case of 36 f.p.m., 


where Fy remains constant after the third group. 


The effect of work hardness on the forces becomes 
involved with wheel hardness and work speed. Some 
effects of these relationships are indicated in Fig. 15; 
the hardness of the wheel proves to be of great 
importance with regard to the effect of workspeed 
and although forces fall asthe wheel gets softer, the 
rate of fall is more dependent on workspeed than 
on hardness of material. 

In the relationship between the forces in up-grind- 
ing and down-grinding, it will first be necessary to 
point out, as did Outwater and Shaw 6, that the 
normal forces are downwards in both up- and down- 
grinding which is contrary to that experienced in 
milling. 

In grinding, the ratio of chip thickness to its 

t 
length, —, is so small that the cutting forces, as far 
l 


as the chip grit interface is concerned, remain sub- 
stantially horizontal in both directions of grinding. 
Therefore, the combined effect of the vertical com- 
ponents on the chip grit interface and that due to 
peripheral rubbing of the grit on the body of the 
work, is a downward force and there is no tendency 














St 800 V.P.H 


O-l*ed (inxio) 


CURRENT RESEARCH TARASOV 


MD ee2r---o" . x WA,36 J. 
—— © WA.46 J. 
7 WA.60 J. 





Fry 
Fry | 
1-2 4 
Fig. 10. Ratio up-down of tangential forces q 
for various table speeds. 1-0 
08 | 
0 


20 


Sf 


40 


800 V.P.H. 


60 Vu [/p.m] 








F d= 0-00017 Vu = 1s fp-WA 46 J. vFy 
[Ibs] 
30 4 Come ° UPCUT 
AewneXenn=% DOWNCUT 
20 4 Pd 
, ye 
od ; 
10) ek wet 
oe 
oi 
—<—9—> 
Fig. 11. Pattern of forces and corresponding ] owen eee 7 
coefficient of grinding. 
0 AJ , , . 7 ' , 7 2 
Fr 2 4 6 a io R 
* OURATION OF RUN 
5" 
i 
ue ~~ 
° 
3 
03 . a 
0-2. te 
0-14 








to lift the work as in a conventional milling 
operation. 

The ratio of forces in up-grinding to forces in 
down-grinding varies with table speed. As the speed 
falls it becomes less than unity and the table speed 
at which this occurs, according to the results of these 
experiments, is approximately 10 f.p.m. However, as 
shown in Fig. 10, the 60 grit wheel crosses the 
boundary at 15 f.p.m. 

In Reference |, this ratio was found to be unity, 
but this was for the 4in. long workpiece and a 
maximum table speed of 16 f.p.m. Tarasov claimed 


that at 60f.p.m. upcut forces would exceed down- 
cut forces by 20°. Extrapolation of the figures of the 
current research are shown, in Fig. 10, to coincide 
with the value put forward by Tarasov. 

The force values for such determinations as the 
above ratio, and other comparisons in this work, 
have been taken in Region II where possible, and at 
the point of inflection where steady force conditions 
did not develop. 

This observation is important in many of the com- 
parisons made and this is well illustrated in Fig. 11, 
where at 15 f.p.m. the downcut force overtakes the 
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upcut force as the run develops between the fifth 
and sixth group. 


coefficient of grinding 

In Figs. 12(a), (b) and (c) this ratio is plotted for the 
three different materials used; the figures used are the 
mean values for stable conditions for every run. 

The ranges of this coefficient for different 
materials using the standard grinding wheel — 
WA 46] — are as shown in Table IV. 

The difference between the values for the two 
directions is mainly the result of change in the tan- 
gential force, as the normal forces for this grade of 
wheel remained substantially the same in each direc- 
tion, as shown in Fig. 11. The coefficient varies 
during the course of the runs, particularly where 
Region II is of short duration, i.e., on the slower 
table speed and with the harder wheel. The trend is 
for the value of the coefficient to fall as the grit 
dulls and the forces increase. This is shown in Fig 11. 

For the higher speeds of table traverse the co- 
efficient of grinding is higher. This could be observed 
from Fig. 9, for a 46] wheel; it is shown more 


clearly plotted against various values of VM in Fig. 
13 for a 60] wheel. 

In Fig. 14, this upward trend is shown to be similar 
but independent of grit size. 

Marshall and Shaw ! suggested that the higher the 
coefficient of grinding the more efficient was the 
grinding operation. On this basis the current research 
indicates that the grinding operation becomes more 
efficient at higher work speeds, and that this increase 
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materials, 


in efficiency is only slightly dependent upon grit 
size. 

The effect of grit size on the coefficient of grinding 
is found to be similar in value to those obtained by 
M.L.T. 1. 

For the aluminium oxide wheels they are given 
in Table V. 
































TABLE IV 
of F . F 
MATERIAL , # / N Ln / N 
D 
St. 800 V.P.H. 0.47 - 0.55 0.38 - 0.50 
St. 200 V.P.H. 0.48 - 0.70 0.48 - 0.52 
Cast Iron 0.23 - 0.30 0.20 - 0.25 
TABLE V 
Current Results M.1.T. Results 
Grit |, : 
Size o ['s ‘. [s tf Coefficient of 
U U D D N Friction 
36 0.53 0.46 0.57 0.42 
46 0.51 0.42 0.52 0.42 
60 0.53 0.48 0.52 0.47 
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specific energy 

The energy required to remove one cubic inch of 
metal is defined as the specific energy of metal 
removal and is calculated using the formula :- 


Vv F 





U W T 
. = (in. Ib. per cubic in.) 
Vm b.d. 
Vu = surface speed of work in ft. per min, 
Vw surface speed of wheel in ft. per min. 


x 
Il 


width of work in inches. 
= depth of cut in inches. 


In the determination of Ug the actual values of 


Vw and M, as analysed from the films, are used 
and not the nominal speeds. 


The values of Us obtained extend over a very wide 
range, specifically from 8.23 to 73.2. 10® in.-lb. per 
cubic in., and it becomes necessary to assess their 
significance strictly in relation to the conditions under 
which they were obtained. 








4 6 8 10 g OF RUN 


Providing other factors remain constant, Ug * Fr 


Therefore, previous comparisons, in this work, of Fr 
for changes in depth of cut or work speed, etc., will 


correspond to comparisons of Us with those particular 
variables. 

Specific energy has been used successfully in metal 
cutting operations as a basis for the determination 
of efficiency of an operation. 

Its main virtue is that, in combining work speed 
and depth of cut, comparisons are possible between 
all combinations of these two variables. This leads 


to a reasonably constant value of Ug for turning and 
milling under certain prescribed cutting conditions. 
However, earlier research workers in grinding 4, 
5, 6, 15, 18,21 have maintained that chip thickness is 
the main criterion of specific energy. 
From the adopted formula for the determination 
of chip thickness it will be seen that 


t  YMtat 
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Thus there are different values of Vu and d for 
each value of t. 


Also from the formula for Ug 

I 
m 4 

Thus there could be a different relationship 
between Ug and t depending upon whether t varies 


as a result of a variation of «Vy ap igk Ta'*, 
To explore this possibility Ug is plotted against t in 


Ug «vy 


Fig. 17(a) and (b) fortwo different depths of cut in 
each case and for three different table speeds. 
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Fig. 15. Specific energy — wheel hardness — 
work hardness and work speed. 


In general Ug decreases as t increases. 
However, in both graphs the change in Ug for 


an equivalent change in t is much greater when it 
results from a variation of d than from a variation of 


Vu 
For example, referring to A:- 


For an increase in chip thickness “t” of 28% :- 
with “d” constant at 0.0001 in.U'g falls 12% 


with Vy constant at 24 f.p.m., Ustalls 47%, 


A comparison of A with B is a comparison of the 
effect of the grade of the wheel on the specific energy. 
In B, with the softer G wheel and the finer depth of 


Vy= IS fp.m. 
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Fig. 16. Normal force — wheel hardness — 
work hardness and work speed, 
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cut, there is very little change in specific energy with 
change in work speed, while at A, with the harder 


wheel, there is greater change in~ S as the work 


speed changes. 


This is again illustrated in Fig. 15, where © § is 
almost the same for a G wheel at 15 and 36 f.p.m. 


and yet for the M wheel Us increases two-and-a-half 
times as the work speed decreases from 36 to 15 f.p.m. 
At 36 f.p.m. there is only slight difference in specific 
energy between the two hardnesses of material using 


~~ fins. x 166] 


the M wheel but the softer G wheel has a lower 
specific energy for the harder material. 

In Reference 15, the authors, Reichenbach, e¢ al, 
in their reply to Boston, “ agree that chip thickness 
alone is not a reliable method for predicting power 
in grinding . . . specific energy may have several 
values depending upon conditions such as wheel 
sharpness, grinding fluid or type of grinding . . .” 

No reference was made to the different means of 
arriving at the same chip thickness and, although the 
above results must await confirmation from a larger 
sample, there is evidence that chip thickness alone is 
not the sole criterion. 
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Current results do agree, however, with the earlier 


investigations, that S decreases with increase of 


chip thickness. 


In Fig. 18 ” S is plotted against rate of metal 
removal which combines the two variables of depth of 


cut “d” and work speed ; M. 


The two graphs A and B are again for the two 
grades of wheel J and G, respectively. 

In both cases a straight line relationship is estab- 
lished until the rate of metal removal falls to a 
particular low figure and below this rate a drastic 


; : seat R 

increase in S results. After this critical value of -M 
the relationship continues to follow a straight line, 
but at a vastly different angle than for higher values 


of Ry 


The difference in behaviour between the two grades 
of wheel, as shown by the two graphs, is that for 
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the softer G wheel (graph B) the critical value for 


Ry is higher than for the harder J wheel (graph A) 
and also the slope of the graph is much less, at B 


than A, as_ M falls below the critical value. There 
is an apparent change in the mechanism of grinding 
which occurs at a different point dependent upon the 
softness of the wheel. However, there is the other 
factor that the softness of the wheel also determines 
the maximum energy it can transmit. 

There is an additional feature to be observed at 
A where the change of slope occurs. In this area the 
forces in down-grinding overtake those in up- 
grinding. 

Thus from these two graphs A and B (Fig. 18), Us 
is approximately constant (decreasing slightly with 


increase in -M) above a critical value of Ru. 

Fig. 18 will explain that the very wide range of 
values of specific energy results from two distinctly 
different conditions of grinding. 

















i be 
Under comparable conditions values of ~S, when 


grinding with aluminium oxide wheels of different 
grit size, were slightly higher, but of similar tendency, 
as those found in previous experiments at M.I.T. ! as 
shown in Table VI. 


9. 


The silicon carbide wheels rendered higher values 


of U 


S than the aluminium oxide wheel. 


TABLE VI 














Grit Us (106 in.-lb. per cubic inch) 
Size 

Current Results M.1.T. Results 
36 11.5 9.7 
46 9.6 8.8 
60 17.2 12.6 
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THE DYNAMIC PERFORMANCE 


OF A MILLING MACHINE 


by F. KOENIGSBERGER, D.Sc., M.I.Mech.E., M.I.Prod.E., 


and S. M. SAID, M.Se.(Eng.), Ph.D. 


Faculty of Technology, University of Manchester. 


HE behaviour of machine tools under the effect 

of periodic or fluctuating forces has been the 
object of many investigations. Theoretical considera- 
tions assuming single or two degree of freedom 
systems as well as practical tests determining the 
behaviour of various members of a system, their 
inter-action and their connections, have added to 
the knowledge of the prevailing conditions. 

The main purpose of a machine tool is, however, 
the production of workpieces, the shapes, dimensions, 
and surfaces of which are specified and whatever the 
vibration behaviour of the machine as such, the most 
important aspect from the point of view of the 
production engineer, is the influence of the vibration 
behaviour on the quality of the product, on the 
cutting conditions and the efficiency of production. 

The present Paper describes an attempt to study 
some of the dynamic characteristics of a milling 
machine and to correlate the results with the surfaces 
produced during cutting operations. 

Only vibrations of the machine structure (upright, 
table, knee and overarm) were studied. Torsional 
vibrations of the rotating members were not included 
as a short calculation showed that the large gear 
wheel keyed to the spindle closely behind the main 
bearing and acting as a flywheel reduced torque 
fluctuations to within permissible limits. 


causes of vibration 


(a) external sources 

If a machine tool is not completely isolated from 
the main shop floor, the machines surrounding it, 
as well as other external causes, may transmit through 
the floor vibrations the seriousness of which will 
depend on the type and magnitude of the forces 
transmitted and on the foundation and the degree 
of insulation it provides. 

Before the present investigation was started com- 
parative measurements were taken on a jig boring 
machine in the Laboratory, which was located on a 
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six feet deep insulated foundation block. Vibration 
amplitudes measured on the machine table due to the 
effect of excitation transmitted through the main 
floor reached 10 micro-in. at a frequency of approxi- 
mately 7.5 cycles per second. 

It was, however, observed that more serious 
vibrations occurred when an old planing machine in- 
stalled in the Laboratory at a distance of about 15 ft. 
from the jig borer was running even without cutting. 
These vibrations which had a frequency of approxi- 
mately 12.5 cycles per second had the following 


amplitudes :- 
Vertical amplitude = 16 micro-in. 
Longitudinal horizontal amplitude = 36 micro-in. 
Transverse horizontal amplitude = 28 micro-in. 


Although these amplitudes still appeared to be 
small their effects could be noticed on the surface 
quality of some work-pieces machined on the jig 
borer. 

In order to eliminate floor effects on the milling 
machine under investigation this was placed on three 
tin. thick pads of vibration insulating material. 
As a result, the maximum amplitudes of vibrations 
transmitted through the floor were found to be not 
more than 20 micro-in. 

In view of the order of magnitude of the other 
vibration amplitudes measured during the investiga- 
tion this was considered satisfactory. 


(b) the driving system 

The driving system excites forced vibrations due 
to the unbalance of rotating members, effects of the 
gearing and bearings, etc. 


(c) the cutting action 

Pulsations of the cutting force are caused by the 
inherent periodic variation of the chip thickness 
during the action of a milling cutter. The frequency 
of these pulsations is equal to the number of revo- 
lutions multiplied by the number of teeth of the 
cutter. 











This investigation did not cover forced or self- 
excited vibrations caused by the process of chip 
formation itself. 

The following parameters characterising the 
dynamic properties of the machines were investi- 
gated :- 


(a) natural frequencies 


Vibration amplitudes are highest at these frequen- 
cies and they would be critical even if the frequency 
of the external force was not exactly equal to but 
near a natural frequency, because high amplification 
still exists in that vicinity. 

A harmonic force excites only the corresponding 
natural frequency in systems with linear character- 
istics. In the case of a milling machine the exciting 
cutting force is periodic, but far from harmonic. It can, 
however, be split into its harmonics, which contain 
the fundamental frequency together with its multiples 
of higher harmonics. Resonance will occur if the 
fundamental frequency or any of its higher harmonics 
coincides with a natural frequency of the machine. 

The values of the natural frequencies can be 
estimated with high accuracy from the resonance 
peaks of experimental displacement — frequency 
curves. A knowledge of these values is essential from 
the points of view of :- 


1. The designer of the machine tool who has to 
avoid natural frequencies which might lie near 
those of probable sources of excitation either 
in the driving system or in the range of the 
intended cutting conditions. 

2. The user of an existing machine who has to 
avoid cutting conditions in the neighbourhood 
of the natural frequencies. 


(b) damping 

The total damping capacity can be determined from 
displacement frequency curves obtained experi- 
mentally for different modes of vibration of the 
machine. 


(c) deformation shapes of vibrating members 


As the milling machine is a system of many degrees 
of freedom, a corresponding number of modes ol 
vibration would be expected, with different defor- 
mation shapes at each mode. 

The geometrical shape of the deformed members 
of the machine at their maximum excursions during 
vibration can be determined by drawing the elastic 
curves of each natural mode. 

The modes of the machine at other frequencies are 
also interesting, but the modes at the natural fre- 
quencies are preferably determined for the following 
reasons :- 

1. The natural mode provides a picture of the 
deformation in the machine during probable 
resonance vibrations or chattering conditions, 
which would be the severest cases. 


2. The graphical representation of a natural mode 
is simpler and more accurate than that occurr- 
ing at any other frequency, because at a natural 


frequency the phase angle is 90° irrespective 
of the damping, and all points of a member 
will reach their maximum excursion simultan- 
eously whatever the value of damping. 

In actual practice, the parts of the machine have 
a certain degree of flexibility and play exists between 
the moving parts, e.g., the slides and slideways. The 
various members of the milling machine are thus 
not entirely constrained to move only in the 
operational directions (traverses, setting movements, 
etc.). The resultant translational vibrations of the 
members of the machine can, therefore, be expected 
to attain any direction in space and can be referred 
to three suitable co-ordinates. 

The arbitrary but convenient choice of three co- 
ordinates, one vertical and two horizontal in the 
longitudinal and transverse directions of the table, 
provides three sets of directional natural frequencies 
for the machine at any configuration. 

Owing to the great number of natural frequencies 
obtained for the machine when tested at different 
configurations, it appeared reasonable to select the 
most serious values for the determination of their 
deformation curves. 

In the present case the modes obtained from the 
resonance curves under a dynamic load of 20 lb. 
were considered serious if their equivalent static 
deflection under a load of 120 Ib. exceeded 0.001 in. 
or 25 microns. 


experimental work — measuring and excitation 
equipment 


(a) measuring equipment 


Although an ideal transducer for measuring 
different types of vibrations does not appear to exist 
the electro-dynamic pick-up used (Fig. 1) was found 
to satisfy the following requirements :- 

1. convenient mounting at most points of the 

machine; 

2. suitable frequency response in the testing range; 

3. possibility of direct calibration; 

4. suitable sensitivity for recording with a pre- 

amplifier. 

The output signal from the vibration pick-up was 
fed to the amplitude calibration unit (Fig. 1). This 
included :- 

(a) an integration circuit to give displacement; 

(b) a differentiation circuit to give acceleration; 

(c) an amplitude calibration circuit. 

A pre-amplifier was found necessary for recording 
or monitoring small signals. 

An electronic wave analyser was used for deter- 
mining the frequency and amplitude of the harmonic 
component of the complex waveforms of long dura- 
tion encountered during the idle running tests. 

The main unit could be tuned to any frequency 
between 19 c.p.s. and 21,000 c.p.s. and the amplitudes 
could be read directly on the meter which could be 
calibrated in vibration units (Fig. 1). A low frequency 
modulating unit enabled the wave analyser to be 
used for the analysis of low frequencies from 2 c.p.s. 
to 20 c.p.s. 
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As the available A.C. oscilloscopes have usually a 
minimum frequency response of 20 c.p.s., a D.C. 
oscilloscope was used for recording signals of fre- 
quencies lower than 20 c.p.s. 


(b) excitation equipment 

The electro-dynamic vibrator (Fig. 1) was chosen 
because of its 

(i) weight and size; 

(ii) frequency range; 
(ili) ease of frequency control; 
(iv) harmonic exciting force; 

(v) simple adjustment of the force amplitudes. 

The vibrator was driven by a harmonic current 
delivered from a power oscillator with an adjustable 
frequency range of 10 - 10,000 c.p.s. 
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Fig. 1. 






The excitation force was applied in a plane normal 
to the spindle axis between the arbor and the machine 
table at an inclination of 45° to the table, thus 
producing horizontal and vertical excitation in one 
setting of the generator. At the same time, the 
vibration measurement in one direction would include 
the simultaneous effect of the two components of the 
exciting force. 

The vibration generator was rigidly clamped to the 
table. The driving spindle was attached to the 
machine arbor through a rigidly clamped connecting 
head. 

The added mass of the connecting head was con- 
sidered to be equivalent to that of the cutter and it 
could, therefore, be assumed that the elastic behaviour 
of the system was not greatly different from that 
encountered under actual working conditions. 











Fig. 2. 
Excitation configurations. 
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the machine configurations 


The vertical position of the knee was determined 
by the height of the vibration generator. This 
happened to coincide approximately with the mean 
position of the vertical working configurations. 

One longitudinal central and two extreme positions 
of the table were tested at three transverse positions, 
as shown in Fig. 2. 

In order to eliminate discrepancies between the 
values of natural frequencies obtained during excita- 
tion and those obtained during cutting operations, 
the excited members of the machine were coupled 
in the same manner as under actual working condi- 
tions. For example, in the present investigation, 
direct excitation between the table and the overarm, 
excluding the arbor, would have resulted in unrealistic 
frequency values because the effect of the arbor and 
its bearings would have been excluded. 


vibration measurement 


Although velocity measurements are useful for 
estimating the vibration energy and acceleration 
measurements help in estimating noise levels, in the 
present investigation, the effect of vibrations on the 
dimensional inaccuracies of the workpiece was of 
particular interest. It was therefore decided to con- 
centrate all efforts on the measurement of 
displacements. 


(a) natural frequencies 

The pick-up was rigidly clamped to one end of 
the table in one of the three measuring directions, 
1.€., 

(a) vertical ; 

(b) horizontal longitudinal ; 

(c) horizontal transverse. 

The directional sensitivity due to the polarity of 
the pick-up was always taken into consideration. 


(b) natural modes 


For determining the natural modes, a movable 
pick-up was pressed firmly to the machine by hand 


at the probing positions which had been previously 
marked on the machine frame comprising the table, 
arbor, overarm, column, and base whenever possible. 

The direction of the probing pick-up was ensured 
by special attachments made to fit the machine slides 
at the probing points, Figs. 3(a) and 3(b). Another 
device was prepared for attaching the pick-up to the 
arbor in the horizontal and vertical directions, Fig. 
3(c). 

In order to identify the relative phase of the 
different members of the machine with respect to each 
other, a reference pick-up was clamped to the table 
which measured in the direction of the mode investi- 
gated in each case. 


dynamic characteristics of the machine 


(a) natural frequencies 


Some resonance curves obtained from the excitation 
tests are shown in Figs. 4(a), 4(b) and 4(c). 

In the nine configurations which were investigated, 
the machine was found to have several natural fre- 
quencies in the directions of the three arbitrary 
chosen co-ordinates. These values were distributed in 
a wide range from 15 c.p.s. up to 150 c.p.s. 

Most of the peaks of each resonance curve were 
not widely spaced or exactly separated. The shape of 
the curve at any natural frequency did not resemble 
the usual one of a single degree of freedom system 
and crinkles appeared on its sides, due to the effect 
of other modes which were included in the general 
system and contributed to the total response. 

No external force was applied in the transverse 
direction. Vibrations were, however, found to be 
excited in this direction as well. The inter-effect 
between different modes could not, therefore, be over- 
looked, and it would appear that the treatment of the 
machine in the vicinity of one of its natural fre- 
quencies as a single degree of freedom system would 
not represent the actua! conditions. The machine 
should be considered as a multi-degree of freedom 
system, because of the effects caused by coupling of 
its various members and their different values of 


rigidity. 
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PROBING ON THE ARBOR 
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V —- Vertical Modes 


H,, — Longitudinal Horizontal Modes 
H, — Transverse Horizontal Modes 


Fig. 5. 


The distribution of the natural frequencies over a 
wide range could cause resonance excitation by the 
fundamental cutting force and its harmonics. 


It is difficult to design a perfect machine which is 
entirely free from resonance effects, unless all the 
natural frequencies are shifted either below the work- 
ing range or above the frequency of the highest 
effective harmonic in the working range. 


The difficulties encountered in the first case lie 
in the fact that one has to bring down the natural 
frequencies of members such as the arbor, the over- 
arm, etc., to a value below 10 c.p.s. 

The other alternative is, perhaps, easier as the 
practical difficulties in shifting the natural frequencies 
above the working range can be overcome, e.g., by 
making use of light weight construction (see Koenigs- 
berger 1 and 2 and Opitz3). 


At each natural frequency, the damping capacity 
varies, and at different natural frequencies and 
different configurations of the machine parts the 
dynamic stiffness may vary even over the working 
length of a certain job. 

In practice, it is difficult for a machine tool 
designer to design all members in such a manner 
that their natural frequencies lie outside the working 
ranges. Moreover, changing the natural frequency of 
some members which initiate resonance may well 
move the danger from one working range to another. 
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In order to obtain better dynamic behaviour, 
damping would therefore appear to be the most 
reliable means of suppressing the serious modes which 
in practice may be difficult to move outside the 
working range. A high damping value will also assist 
in obtaining uniformity of dimensional accuracy. 


(b) the natural modes 


The natural frequencies of the selected serious 
modes are shown in Fig. 5. The elastic curves repre- 
senting the deformations of the machine are presented 
in Figs. 6 to 8. The vertical modes are represented 
in Figs. 6(a) to 6(c). The horizontal longitudinal modes 
are represented in Figs. 7(a) and 7(b). The horizontal 
transverse modes are represented in Figs. 8(a) and 8(b). 

The deformations of the members of the machine 
in the direction of the investigated modes were 
represented at their maximum excursions by dotted 
lines in the figures. 

The deformation of the table is far greater at the 
ends than it is below the arbor where, during cutting, 
contact takes place between the workpiece and the 
cutter. In some of the modes nodal points were found 
on the table or the arbor. It is doubtful whether the 
existence of these nodal points can be used in practice 
with a view to minimising the relative displacement 
between the arbor and the table. These nodal points 
exist only at some frequencies and they change posi- 
tion with the table configuration. 
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In the horizontal longitudinal modes investigated, 
the vibration response of the overarm was again 
distinctly higher than that of the table. 

The fact that the overarm is the weakest member 
after the arbor, as far as vibration resistance is con- 
cerned, is no doubt the reason for the construction 
of vibration dampers in the overarms of some existing 
milling machines. 

The horizontal transverse modes were actually 
excited under the effect of internal forces in the 
machine because the direction of external excitation 
was in a plane normal to the axis of the cutter, and 
no external forces were acting on the machine in the 
transverse direction. 

While the excitation process was limited to two 
directions, the vibrations were also measured in a 
third direction, in order to throw some light on the 
effect of milling operations with straight teeth cutters 
on vibrations in the transverse directions. It was 
found that even with a straight tooth cutter, an 
oscillatory relative motion in the transverse direction 
existed between the cutting edge and the workpiece. 
This cannot be neglected as it may have a detri- 
mental effect on the tool life. 
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The modes investigated in this direction showed 
some comparatively large amplitudes mostly on the 
table and in some cases on the column. 

The existence of these mutual effects between 
modes observed in the tests appears to indicate that 
the axial component of the cutting force (in the case 
of milling with helical tooth cutter) would exert a 
similar influence on the dynamic response of the 
machine in the other two directions. This would 
weaken the opinion expressed by Opitz 3 that the 
machine should be tested only under the effect of a 
load in the direction normal to the surface of the 
machined workpiece. It*would also justify the method 
of excitation followed in this investigation in which 
the load was applied in the general direction of the 
cutting force. 


behaviour of the machine during running 


(a) probable vibrations due to the transmission 


The transmission of the machine spindle shown in 
Fig. 9(a) was examined for interference between the 
values of the natural frequencies and the range of 
speeds of the spindle transmission shafts. 
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Fig. 


The speed of shaft (I) in the spindle transmission is 
15.7 c.p.s. which is in the vicinity of a range of 
natural frequencies closely scattered at different con- 
figurations between 15 and 17.15 c.p.s. This shaft 
carries the driving pulley which transmits the power 
from the motor to the machine. A centrifugal force 
at the pulley would be able to excite the afore- 
mentioned natural frequency unless the pulley was 
balanced to a high degree of accuracy. 


The tooth contacts of the spindle transmission gears 
(Fig. 9(b)) shows interference with the natural frequen- 
cies at spindle speeds of 38 r.p.m., 74 r.p.m., 93 r.p.m., 
125 r.p.m., 186 r.p.m. and 232 r.p.m. 

The speeds of the feed shafts and the contact 
frequencies of their gears shown in Figs. 9(c) and 9(d) 
gave only slight interference near the high feed rates. 
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(d) 


(b) actual vibrations due to the transmission 


Records of the vibrations during idle running of 
the transmission are shown in Fig. 10. The graphs in 
Fig. 11 show the vibration amplitudes obtained from 
the records. 


A vibration frequency of 15.7 c.p.s. was found in 
all idle running tests. This frequency is equal to that 
of one of the probable excitation sources in the 
transmission system, i.e., the main input shaft carrying 
the driving pulley. 


The amplitude of this wave increased when the 
gear box was coupled with the pulley. Only slight 
variations in the amplitudes were found at different 


spindle speeds or feed rates. 


No other considerable frequencies appeared in 
addition to the previously mentioned one under all 
investigated conditions. 
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Fig. 12. (All amplitudes to be multiplied by 2.) 



















vibrations during cutting 


The effect of different cutting conditions on vibra- 
tions induced during the milling process has often 
been attributed to the existence of self-excited vibra- 
tions, and the degree of the resistance to self-excited 
vibrations was considered the main criterion for the 
stability of the machine. 


As the effect of forced vibrations is, however, also 
important, both forced and self-excited vibrations 
were studied with regard to their effect on the 
vibration of the machine. 


In order to obtain conditions which would become 
comparable to those occurring in practice, a standard 
milling cutter of the following specifications was 
used : 


Material ... High speed steel 
Diameter ... Bis . Se 

Number of teeth ... a 

Width of cutter... —_ | 

Rake Angle vies an 

Primary clearance angle ..._ 10° 

Side clearance angle ... 1° 


Although the cutter was running true within 
0.0005 in. on an inspection mandrel, the eccentricity 
on the milling arbor of the machine amounted to 
0.0015 - 0.002 in. 


In order to cover a wide range of speeds without 
reducing the tool life of the cutter, and without 
therefore creating the difficulty of varying the eccen- 
tricity of the cutter or its angles due to regrinding 
effects, an aluminium alloy was chosen for the work- 
piece material which had the following specifications : 


(a) Mechanical Properties 


Brinell hardness = 136 

Ultimate tensile strength= 28.4 tons/in.’ 
Elongation percentage 6% 

Young’s modulus 10.6 X 10® Ib. /in.* 
Ultimate shear strength 17.4 tons/in.? 


oui 


(b) Chemical Analysis 


Percentage Percentage 
Aluminium 94.00 Manganese 0.69 
Iron 0.27 Zinc 0.1 
Copper 4.27 Magnesium 0.22 
Silicon 0.45 Tin Trace 


The records obtained in the cutting tests are shown 
in Fig. 12. The vibration amplitudes are represented 
graphically in Figs. 13(a) and 13(b). The amplitudes of 
the vibration components with frequencies equal to 
those of the cutter teeth, i.e., due to the cutting force 
only, are shown in Fig. 13(b). 


The measurements were taken with the pick-ups 
at one end of the table where, from the deformation 
results, the vibrations had been previously found to 
be usually higher than at any other position. In this 
manner it was expected that any component should 
be detected which might contribute to the resultant 
vibration, especially to a probable self-excited type 
that might appear at the arbor but could be damped 
at the table below the cutter. 
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Although the relative displacement between the 
cutting edge and the workpiece was of particular 
interest in this investigation, it was still practically 
difficult to measure the relative vibrations between 
the arbor and the workpiece of the machine during 
working conditions. 


Absolute measurements were, therefore, the only 
available means for assessing the vibrations in this 
case. 


The results of the cutting tests again showed that 
the machine under consideration was always sub- 
jected to a forced vibration which was due to an 
unfavourable speed of one member of the transmis- 
sion system. This vibration contributed considerably 
to the total vibration in all cases. 


A vibration component in agreement with the 
frequency of the cutter teeth contacts was also 
found. This was mostly modulated on another lower 
frequency wave which corresponded to the frequency 
of the arbor, due apparently to the effect of the 
unavoidable cutter eccentricity. 


The wave component caused by the cutting fre- 
quency did not attain a constant amplitude during 
one revolution of the spindle, especially at low feed 
rates where the maximum chip thickness could be less 
than the unavoidable cutter eccentricity. 


The maximum peak to peak value during one 
cycle of any wave was considered to represent the 
double amplitude of the wave, because it would be 
expected that this would affect the machined surface 
most, and a mean value for the amplitudes would 
be of little practical importance from this point of 
view. 


The results of the first two series of cutting tests, 
at different feeds and depths of cut showed no self- 
excited vibrations at the three spindle speeds 310, 
465 and 755r.p.m., at any of the feeds up to 104 in. 
per minute or any of the depths of cut up to 0.300 in. 


A spindle speed of 310r.p.m. was intentionally 
chosen for these tests because it provided an exciting 


14 
frequency of 310 K — = 72c.p.s. which was in 
60 


close proximity to one of the natural frequencies of 
the machine. 


As could be expected, this produced the highest 
amplitudes in the first two series of tests as compared 
with the other speeds of 465 and 755 r.p.m., because 
the amplitudes of vibrations were considerably mag- 
nified when cutting took place in a resonance range. 
In this case the vibrations, although of a frequency 
identical to one of the natural frequencies, would 
still have to be considered forced vibrations. 


In the third series of the cutting tests with the 
wide range of spindle speeds covering natural fre- 
quencies of the machine, possibilities for initiating 
self-excited vibrations were considerable. During 
some of these tests, unusually loud noise coupled with 
severe jerking performance of the cutter was noticed 
but no indication of self-excited vibration could be 
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found on the oscilloscope records. The vibration 
component with a frequency identical to a natural 
frequency of the machine was only found when the 
fundamental frequency of the cutting edge or one of 
its harmonics coincided with that of the natural 
frequency. 

This kind of vibration is a resonance vibration and 
not, by definition 4, a self-excited vibration. In none 
of the cutting tests investigated was the existence of 
self-excited vibrations detected. 

It thus appears that, differing from the case of the 
lathe or drilling machine, self-excited vibration is 
not a factor deciding the stability of the milling 
machine. 

When the amplitudes of both the total vibration 
or its components caused by the cutting force were 
plotted against the corresponding cutting conditions, 
no definite tendency to follow a special pattern could 
be detected. This may be due to the variations in 
the waveform of the cutting force which would result 
in harmonics of different frequencies even for the 
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same fundamental frequency. If the frequencies of 
these harmonics lie in different dynamic regions of 
the multi-degree of freedom machine, they will pro- 
duce different total vibration response. 


surface quality 
A perfectly flat surface cannot be expected even 
when a milling operation is carried out with an ideal 
machine, i.e., a machine free from vibrations. The 
trochoidal path of the milling cutter forms waves of 
a length equal to the feed per tooth (f,) and a height 
equal to 
f,” 
h = ——— ——— in. 
8(D/2 + f, T/ 1) 
where D = diameter of cutter — in. 
and T = number of teeth 
a good approximation in the present conditions 
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Fig. 13(a). 
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Fig. 13(b). 


In addition to these waves, the eccentricity of the 
cutter produces waves of a wave length equal to 
the feed per revolution of the cutter and of a height 
equal to twice the eccentricity. 

These waves form what might be called the ideal 
surface which can be obtained under conditions of 
infinite stiffness of the machine. The major additional 
surface waves will be considered as being due to 
vibrations. The machined surfaces were tested with a 
Talysurf, the lengths of the various waves were 
measured and their frequency determined. 

Some of the Talysurf records obtained for the 
machined specimens are shown in Fig. 14. The sur- 
face waviness due to vibration effects at the different 
cutting conditions is represented in the graphs shown 
in Figs. 15, 16 and 17, 


286 


waviness amplitude 





A dimensionless number K = 
vibration amplitude 
was chosen to represent the effect of vibrations on the 
surface waviness. As the vibration measurements were 
taken at the end of the table where the amplitudes 
were higher than near the machined workpiece, a 
correction factor had to be introduced. Previous 
measurements had shown (see Figs. 6, 7 and 8) a 
ratio of (60 : 200) between the vibration amplitudes 
at the end of the table and those under the cutter. 
It was decided to choose an approximate mean value 
of 100 as this correction factor. The graphs shown 
in Fig. 15 show 100 K plotted against the cutting 
conditions. 


The pen records obtained on the Talysurf instru- 
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Fig. 14. 


ment for the surfaces produced during the cutting 
tests did not show specific regular patterns. The pro- 
files obtained were combinations of several waves 
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resulting from different contributory sources. 


Measurements of a definite periodic waveform of 
the surface could not be carried out because even the 
ideal surface would contain non-uniform waves in 
length and height due to the eccentricity of the 
cutter. The average value was therefore considered 
for the most predominant wave on the surface. 


The frequency of the surface waviness did not show 
any agreement with the natural frequencies of the 
machine. A dominating effect of the self-excited 
vibration or chatter could thus not be found on the 
machined surface under the conditions which were 
tested. 

It was interesting to note that the actual wave 
length in most cases was larger than the ideal revo- 
lution wave, but that the actual wave amplitude 
was always less than that of.the ideal revolution 
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wave, even when only one single tooth was cutting. 

The milling cutter used had a total eccentricity on 
the arbor of 1,500 y in. It would therefore be expected 
that the ideal milled profile would contain revolution 
waves of amplitudes equivalent to the cutter eccen- 
tricity, i.e., of the order of 1,500 » in. independent of 
the cutting conditions. The records obtained by the 
Talysurf did not show any waviness of more than 
600 p in. 

The explanation for the smaller waviness existing 
on the actual machined profile, as compared with 
that of the ideal profile, would appear to be the 
effect of relative displacement between the cutter 
and the workpieces due to horizontal vibrations. This 
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would help in removing certain portions of the sur- 
face peaks and therefore reduce the total waviness 
on the actual surface. 

In the feed range investigated, the waves due to 
the cutter teeth effects were of minute heights in 
relation to the heights of the revolution waves. These 
waves were not visible on the records up to a magni- 
fication of 10,000 times. 


conclusions 

1. The dynamic testing procedure simulating the 
working conditions of the milling machine emphasised 
that the machine represents a multi-degree of free- 
dom system with natural frequencies distributed over 




















a wide range. The machine under consideration had 
a range of spindle speeds of 29-775 r.p.m. As multi- 
teeth cutters are normally used, care had to be taken 
to avoid coincidence between the fundamental 
frequency of cutting or any of its harmonics on the 
one hand and the natural frequencies of the machine, 
which varied from 15c.p.s.- 150c.p.s. at varying 
damping capacities, on the other. 

It. would appear, therefore, that theoretical solu- 
tions which separate the modes and use simplified 
assumptions of a single or two dgeree of freedom 
system would not cover the actual behaviour of the 
machine. 


The method suggested in 3 for exciting the 
machine only in a direction normal to the machined 
surface is not sufficient. 


2. The total dynamic rigidity of the machine can 
be improved by stiffening the two relatively weakest 
members, i.e., the arbor and the overarm. 


3. Interference between the driving system and the 
natural frequencies of the machine could be a source 
of permanent serious vibration. The raising of the 
frequencies of some members such as the overarm, 
table, etc., e.g., by the use of lightweight construc- 
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tion methods, would appear to be a means of clearing 
the working range from such interference. 


4. The danger of self-excited vibrations would 
appear to be slight in the milling machine, but 
resonance vibrations due to the fundamental fre- 
quency of cutting or any of its harmonics would have 
to be carefully watched. 


5. A realistic criterion for the dynamic perfor- 
mance of the milling machine would be its resistance 
to vibrations in general rather than the resistance to 
self-excited vibrations. 

Resonance vibrations occurred during some tests 
but self-excited vibrations could not be detected in 
any of the cutting tests. 


6. The quality of the machined surfaces followed 
a pattern approximately similar to that of the 
machine vibrations. The actual heights of the surface 
waves were always smaller than the calculated 
heights of the ideal waves. This could be due to the 
effect of horizontal vibrations, but further investiga- 
tion in this direction would appear to be necessary 
before final conclusions could be drawn. 

In this connection, it must also be remembered 
that less resistance to horizontal longitudinal vibration 
would be accompanied by a reduction in tool life. 
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COPY TURNING LATHES 


(Part Ill) 


A review by |. B. KING, G.I.Mech.E., A.M.I.Prod.E. 


Assistant Education and Technical Officer, 


Institution of Production Engineers. 


This Paper is divided broadly into three parts : the first describing, in general 
terms, the basic principles used in copy turning systems; the second dealing 
in more detail with machines which are in current production, particularly 
those designed specifically for copy turning purposes ; and the third presenting 
practical examples of how these types of machines have been used to 


advantage. 


Part | appeared in the January Journal and Part Il in the March issue. 


Magdeburg Machines Ltd., Germany 
Agent: Hicks Machinery Ltd., London, W.11. 

A hydraulic copying attachment may be fitted to 
the range of Magdeburg precision production lathes, 
at the rear of the cross slide and at 45° to the work. 

Where more rapid rates of production are required 
the semi-automatic lathe DH 300 is available. Of 
conventional layout, it may be equipped with either 
one or two copying slides, one located at the front 
of the machine, the other at the rear; the hydraulic 
copying unit is mounted at 45° to the work and may 
be fed in either direction. A third slide for recessing 
purposes can be mounted on an overhead rail and 
may be either power or hand operated. 

Single, two or three speed motors can be fitted 
and automatic speed changes can be made while 
cutting. Speed changes are actuated by means of 
trip stops. 

The machine may be modified for fully automatic 
operation and automatic loading and unloading 
equipment provided. 


Menziken Ltd., Switzerland 

Agent: Dowding & Doll Ltd., London, W.14. 
Three types of attachments are available for con- 

verting the Menziken range of high speed lathes into 

copying machines. These attachments are for : 


(a) longitudinal copying; 
(b) transverse copying ; 
(c) universal copying. 


On the longitudinal copying model, the hydraulic 
tracer controls the cross slide movement, whilst the 
saddle feed remains constant. For transverse copying 
the reverse is the situation, the cross-feed remaining 
constant and the tracer controlling the movement of 
saddle. 

By controlling both longitudinal and cross-feeds, 
as in the case of the universal attachment, the full 
capacity of the machine is available for copying and 
as there is two-dimensional control, square shoulders 
can be machined. 


Oerlikon Co., Switzerland 
Agent : Dowding & Doll Ltd., London, W.14. 

The hydraulic copying attachment Hk-v is avail- 
able for fitting to a large number of standard Oerlikon 
lathes and can be used for either longitudinal or 
transverse copying, the copying slide being adjustabie 
to a number of positions. 

On the D20/25 universal lathe, which is of con- 
ventional layout, the tracer and templates are 
mounted at the rear, whilst the tool post is at the 
front of the machine. Two-dimensional control is 
fitted, the tracer controlling the hydraulic motors 
driving the cross-slide and saddle feed screws (System 
ITI). 

In order that parallel roughing cuts may be taken 
the saddle and cross-slide travel may be limited; stops 
are used to limit the saddle movement and a pilot 
valve for that of the cross traverse. 
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Fig. 74 (right). The Oerlikon Universal lathe 
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Fig. 73 (left). “ Magdeburg” Model D.H. 300 

semi-automatic lathe equipped with two 

hydraulic copy turning units and also fitted 

with overhead toolslide for facing or 
recessing. 


Model D 20/25. 


Fig. 75 (left). Diagrammatic view of the hydraulic drive to 

the saddle and cross slide. The hydraulic motors HMp and 

HMI are controlled by the tracer valve AVp. RP is a metering 
valve for controlling the feed rate. 














Fig. 76. A Progres “Codicop” fitted with 
hydraulic tracing slide and an automatically 
operated hexagonal turret. 


Spindle speeds may be varied under load and are 
infinitely variable over a ratio of 1:4. Four speed 
ranges are available and these are selected by manual 
operation of the headstock gear box. Feeds are also 
variable over a wide range and selected by rotation 
of graduated dials. 

Owing to the control of both saddle and cross-slide 
the full capacity of the machine is available for copy 
turning. 


Le Progres Industriel, Belgium 
Agent : Soag Machine Tools Ltd., London, S.E.11. 

In addition to the range of hydraulic copying 
attachments for fitting to the Progres centre lathes, 
a copy turning lathe of advanced design is available 
under the name of Codicop. This machine, of unit 
construction, can be obtained with a wide variety of 
attachments and can be made fully automatic, if 
desired. 

The hydraulic copying mechanism works on the 
single edge principle (System II) the slide being 
mounted horizontally at 45° to the workpiece. Either 
a round or flat template can be used, and this is 
mounted at the front of the machine below the 
copying slide. 

Since the bed has four slideways, the two front 
ones being identical to those at the rear, a number of 
additional slides or carriages may be fitted, either 
for plunge cutting or additional turning operations. 
Of particular interest is the power-operated slide 
carrying a hexagon turret which has its own pro- 
gramme control, giving automatic indexing of the 
turret and changes of spindle speed and feed. In 
addition to power-operated slides, hydraulic chuck- 
ing and tailstock may be fitted as extras. 

A fully automatic control system is available which 
uses a plug board system for all machine movements, 
changes of spindle speeds and changes of feed. 

Of considerable importance is a numerically con- 
trolled machine which has been developed in con- 
nection with l'Institut pour l’encouragement de la 
Recherche Scientifique dans l’Industriel et |’Agricul- 
ture. This machine is controlled through 32-channel 


punched paper tape. The carriage and cross-slide of 
this machine are driven by leadscrews, the position 
feed-back being provided by synchros. So far this 
machine is limited to parallel cuts and shoulders, to- 
gether with tapers of limited slope. 


Ravensburg Ag., Germany 
Agent: Sykes Machine Tools Ltd., Staines, Middx. 

The range of Ravensburg lathes is designed 
primarily for facing operations, and diameters of the 
order of 110 in. may be machined. These machines 
have been fitted with electro-mechanical or electro- 
hydraulic copying attachments for many years and 
a new addition to the range of facing lathes has been 
introduced, designed especially for copying, although 
it can be readily used as a normal lathe if desired. 
The copying system used is the V.D.F. Unicop 
electro-hydraulic type (System VII) with two 
directional control of the turning carriage. 

For ease of setting and in order to save space, the 
tracer and template are mounted separately from the 
carriage and move in a vertical plane, whilst the 
corresponding carriage movement is_ horizontal. 





Fig. 77. Close up view of copying slide with hydraulic feed 
drive and programme control rails. 
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Normally only flat templates are used but if screw 
threads need to be cut, a special rotating master is 
fitted. 

Because of the hydraulic drive to the carriage 
infinitely variable feeds are possible, and since there 
are normally large diameter variations of the work- 
piece, constant cutting speed control is fitted. This is 
by means of a Ward-Leonard set with a speed ratio of 
1 : 8; a servo connection between the spindle and 
the feed control provides for a constant feed per 
revolution of the spindle. Twelve speed ranges are 
available by a manually controlled headstock gear 
box. 

Programme control can be fitted and the different 
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Fig. 73. Ravensburg K.H.55 surfacing lathe 

fitted with Unicop copying system. Template 

and tracer are mounted vertically and the 

programme control rails may be seen under 
the surfacing slide. 


operating movements are initiated by means of trip 
stops mounted on the programme control rails in 
front of the machine. 


I.W.K. (Schaerer), Germany 
Agent: Kimbell Machine Tools Ltd., London, S.W.8. 
A hydraulic copying attachment may be fitted to 
most Schaerer lathes and a special feature of these 
machines is that rotating templates may be employed 
for non-circular copying. The use of a rotating 
master driven from the headstock enables the copy- 
ing of non-circular dies and punches, three-dimen- 
sional cams, cam shafts and similar types of work. 








Fig. 79. The Schaerer copying 
system. 
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Fig. 80. Model H.K.400 copying lathe. The 

control rails can be seen mounted above the 

slide. A power operated recessing slide is 
fitted at the front. 


H.K. 400 

The H.K. 400 is designed for the semi-automatic 
production of shafts and similar components and on 
this machine, the copying slide is mounted on an 
inclined bed at the rear and at 45° to the work. The 
hydraulic tracer works on the single-edge principle 
(System IIb) with the stylus so arranged as to give 
a 2:1 magnification of template changes. 

Either flat or round templates may be used and 
if the automatic multi-cycle device is fitted, a three- 
position indexing flat template holder can be used, 
allowing three passes to be made under template 
control. 

Spindle speeds may be changed whilst cutting, 
either automatically or by hand, and up to eight may 
be used, thus giving a good approximation to a 
constant cutting speed control. Feed for the copying 
slide carriage is by means of a hydraulically driven 
leadscrew; thus infinitely variable speeds may be 











4 
electrome 
control unit 


Fig. 81. The hydraulic circuit of the V.D.F. 
Unicop system fitted to Type |, lil and IV. 
The electrical system is shown in Fig. 27. 





selected and a single change may be made whilst cut- 
ting is in progress, in addition to quick traverse in 
either direction. 

A variety of power-operated auxiliary equipment 
may be fitted and for machines which incorporate 
automatic control, the movement of the recess- 
ing slide may also be programmed. 

Automatic control is by the setting up of stops on 
the programme control rails and initiation of the 
different movements is completed by contact of 
the stops by electrical micro-switches carried on the 
copying slide carriage; these in turn control the 
hydraulic control valves. 


Vereingte Drehbank Fabriken (V.D.F.), 

Germany 

Agent: Sykes Machine Tool Co. Ltd., Staines, 
Middlesex. 


The products of this group of companies form one 
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Fig. 82. Unicop | copying lathe. 


of the most complete range of copying lathes avail- 
able today. 

Two copying systems are used, the hydraulic 
“Hydrokop ” used on the four sizes of attachments 
available, and the electro-hydraulic “ Unicop” 
system used on all the other machines. 


Hydrokop 

These attachments allow the complete range of 
V.D.F. lathes to be used for copy turning. The 
hydraulic tracer valve works on the potentiometer 
principle (System II) and is built into the copying 
slide. Normally this slide is mounted with either flat 
or round templates at the rear of the machine and 
the copying unit may be swivelled in order to under- 
take turning or facing operations. Additional attach- 


Fig. 83. Programme control rails for the Unicop IV. 
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ments allow a semi-automatic cycle to be completed 
in which the copying slide is withdrawn and returned 
to its starting position. 


Unicop 

The Unicop copying range is divided into four 
basic groups designated Type I, Type III, Type V 
and Type IV. The first three are used mainly for 
shaft turning, whilst the fourth is designed for facing 
work, but can nevertheless be used for the turning 
of short shafts. 

The Unicop system controls the movement of the 
tool in two directions and has a hydraulic system with 
electronic pre-amplification of the tracer movement. 
A schematic outline of the tracer system is shown in 
Fig. 27, and from this it will be seen that only one 
machine movement, that of the cross-slide, is con- 
trolled, but by the addition of the further set of 
contacts and arm A it can be so designed that a 
second axis is controlled, i.e., that of the saddle. A 
feature of the system is that movement of the saddle 
is only controlled when the cross-slide is incapable 
of following the template contour. 

Movement of both saddle and cross-slide is by 
means of hydraulic cylinders and hence the length of 
copying which can be undertaken is limited. The 
cylinder driving the saddle can be seen in Fig. 82. 


Typel 

This model, in four sizes, will undertake both 
normal turning with screw cutting and copying. 

Since the machine is designed for use as a normal 
lathe only a limited amount of automatic operation is 
provided : the automatic return of the saddle to its 
starting position, together with an automatic feed 
change, which may be added as an extra facility. 

When copying, the feeds are infinitely variable but 
spindle speeds may only be changed by manual 
operation of the headstock gear box. 

By fitting an overhead auxiliary bed a range of 
power or manually operated slides may be fitted 
(Fig. 29) and in addition, power operated chucking 
devices and tailstock can be used. 


Type lll 

It was found that users of the Type I machine 
used it almost exclusively for copying and a model 
was introduced in which the lead screw and feed 
shaft, together with their drive, were eliminated. In 


























addition, the maximum length of bed available is 
not as great as on Type I, but in most other respects 
it is similar. A depth of cut pre-selector may be fitted 
so that parallel roughing cuts may be taken prior to 
copying. 
Type V 

Where the Type I is not suitable because of its 
restricted length, the Type V can be used and on this 
machine, whilst the cross-slide is driven by a hydraulic 
cylinder, the saddle feed shaft is powered through 
the lead screw, via an electro- hydraulic clutch. 
The clutch is controlled by the tracer, so that when 
the cross-slide is unable to follow the template slope 
the clutch disengages the saddle feed, the cross-slide 
feeding in or out until the shoulder is cleared. 


Type IV 

Where there is a preponderance of face copying 
work, Unicop IV is more suitable than the other 
machines. In addition, a wide range of control cycles 
and attachments gives it considerable flexibility. 

A special feature of the machine is that the copying 
slide is flat with two “T” slots running the full 
length, thus allowing a variety of tool holders to be 
mounted. Of considerable use when copy facing or 
flat turning is the three-way automatic indexing 
turret, which can be used in conjunction with a three- 
way template holder, Fig. 31. For longitudinal turn- 
ing a two-way indexing template holder may be used 
in place of the three-way attachment. 

A wide range of spindle speeds is available and 
these may be automatically varied whilst cutting to 
give a constant cutting speed. Feeds are infinitely 
variable and speed changes under load may be 


Fig. 84. The fully automatic version of the Polycop |. Auto- 
matic cycles are controlled through the plug board and 
trip rails. The copying slide is mounted vertically and trips 
are mounted on the control rails for controlling longitudinal 
and transverse movements of the copying slide. 


arranged. In addition, savings in time can be achieved 
by the use of skip feed and rapid return. 

Where fully automatic operation is required a pro- 
gramme control unit may be fitted, the machine 
movements being selected by means of a plug board 
and initiated by trip dogs acting through micro- 
switches. The trip dogs are carried on programme 
control rails mounted above the machine. Where the 
programme may have to be repeated, templates can 
be made for the position of the dogs and the plug 
arrangements. 

Where a number of set-ups are required for 
machining one workpiece, automatic loading and 
unloading and work transfer equipment may be used 
to link a number of machines together. 


Polycop 

Two machines are available and are designed for 
heavy duty turning where maximum metal removal 
is required ; they are of extremely rugged construction. 
The copying slide, using the “Unicop” system, is 
mounted vertically to allow adequate chip clearance, 
and is similar to the Unicop IV in that two “T” 
slots running the full length of the slide, enable a 
number of pre-set tool blocks to be fitted, so that 
follow-on copying can be achieved. In cases where 
successive tools have to be used, the three-way index- 
ing turret can be mounted to the slide. 

For plunge cutting a special slideway at the front 
of the machine can be used to carry a number of 
hydraulically operated slides. These are controlled 
within the machine cycle and, in addition, the feed 
rate for each slide is infinitely variable and may be 
changed whilst cutting. 
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Fig. 85 (left). The Weipert 
WPK 500 copying lathe. 
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Fig. 86 (right). A view of the WPK 500 showing the tracer t 
and copying slide. 
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Fig. 87. Type TPD 24 production lathe with copying slide. 
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Fig. 88. No. 12 automatic lathe with 
tracer-controlled slide. 


In its standard form the Polycop 
machine is fitted with an eight-step 
clutch drive and speeds can be changed 
automatically. As supplementary equip- 
ment constant cutting speed control may be provided. 
As on the Unicop range feeds are infinitely variable 
and in addition, two changes may be made during 
the machining cycle. 

Automatic programme control may be provided and 
programme rails are fitted for both longitudinal and 
transverse movements. A separate programme rail 
is fitted for the boring tailstock, thus forming a com- 
pletely independent unit. 


F. C. Weipert, Germany 
Agent: Wickman Ltd., Coventry. 

The W.P.K.500 and 560 are production lathes 
fitted with a hydraulic copying slide at the rear of the 
machine at 60° to the centre line, the template 


Fig. 89. Jetracer attachment fitted to a Lodge 
& Shipley turret lathe for a grooving 
operation. 





being mounted on a separate rail above the copying 
unit. For roughing or recessing the front tool post 
is used, and either a quick change or four-way type 
can be fitted. Length and depth stops are fitted to 
limit the slide and saddle movements. A wide range 
of speeds and feeds is available, being selected 
through a manually controlled gear box. An addi- 
tional feature is the stop operated rapid return and 
feed reversal of the saddle. Feed reversal allows a 
much wider range of copying to be undertaken and 
spherical copying becomes possible, particularly since 
reverse feed is reduced by a factor of 2: 1. 

Where heavy work is being turned, power operated 
work holding and tailstock facilitates work handling 
by the operator. 














Fig. 90. General view of a Lodge & Shipley Powerturn lathe 


fitted with 90° Copymatic tracing equipment. 


45° HYDRAULIC TRACER CIRCUIT 
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Poland 


Similar developments in copy turning are taking 
place in Eastern European countries and it may be 
of interest to. give brief details of some Polish 
machines which are available. 

A machine of modern design is the TPD 24 pro- 
duction lathe fitted with a hydraulic copying slide, 
produced by the Fabryka Maszyn (Machine Building 
Works). The copying slide is mounted at the front of 
the machine, on a sloping bed, at 60° to the work 
centre line and the hydraulic tracer (System I), also 
mounted at the front, can use either flat or round 
templates. Roughing and finishing cuts are controlled, 
for length and depth, by rotating stop bars. 

Hydraulic drive to the carriage allows an infinite 
range of speeds to be selected and when the spindle 
is fitted with constant cutting speed control, maxi- 
mum metal removal rates can be achieved. 

A machine designed primarily for the turning of 
shafts is the TGA 10 built by Centralne Biuro 
Konstnkji Obrabiarek (Central Machine Tool Design 
and Development Establishment); this has the copy- 
ing slide mounted vertically above the work and at 
60° to it. Either flat or round templates can be used 
with the hydraulic tracer (System II). Automatic 
cycles can be set up by means of stops and included 
with the six cut cycling device is automatic speed 
and feed change. Parallel roughing cuts are con- 
trolled by length and depth stops and power operated 
chucking and tailstock assists in loading and 
unloading. 


American Machines 


Gisholt Machine Co., Wisconsin, U.S.A. 
Agent: Burton, Griffiths & Co Ltd., Birmingham, 33 


A hydraulic tracing unit for fitting to the range 
of Gisholt lathes is produced and is known as the 
Jetracer; the tracer works by directing a high pres- 
sure jet of oil to one or other of two orifices 
connected to the cylinder on either side of the slide 
piston (see Fig. 13). 

Fig. 88 shows a No. 12 automatic lathe fitted with 
a tracer-controlled slide and this machine may be 
obtained with a completely automatic cycle of 
operation. Feeds may be changed under load, whilst 
a range of pick off gears give a large number of 
spindle speeds. 

The application of tracing equipment to larger 
machines is illustrated in Fig. 89 where tracing 
equipment has been fitted to a turret lathe and is 
being used for a complete boring operation. 


Lodge & Shipley Co., Cincinnati, U.S.A. 


Agent: E. H. Jones (Machine Tools) Ltd., Hove, 
Sussex. 


There are four basic ranges of machines which can 
be used either for normal lathe work or copying, 
and may quickly be changed from one to the other. 
Only a front tool post is used for both copy and 
recessing operations, the tracer being mounted at the 
rear of the slide. 
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Fig. 92. Circuit diagram for the 90° Copymatic 
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45° Copymatic 

A hydraulic tracing slide is mounted at 45° in 
place of the normal cross-slide, the power cylinder 
being mounted at the front of the lathe with the 
tracer at the rear. Normally, round templates are 
used and are carried on an overhead rail buit by the 
fitting of additional attachments, flat templates can 
be used for either turning or facing operations. 


90° Copymatic 

Greater versatility is provided by the application of 
the 90° Copymatic equipment to Powerturn lathes. 
The hydraulic tracer controls both movement of the 
cross-slide and on-off movement of the saddle. Feed 
to the saddle is through conventional feed shaft 
arrangement, except that a hydraulic clutch is inter- 
posed between the feed box and the shaft. 

With reference to Fig. 92, the tracer valve is so 
designed that when the stylus is not in contact with 
the template the hydraulic clutch controlling the 
feed is disengaged and the hydraulic cylinder moves 
the cross-slide towards the template. When the tem- 
plate is contacted the stylus is deflected to the neutral 
position and the longitudinal feed engaged. When 
a ‘shoulder is reached the stylus is further deflected, 
disengages the clutch and engages the brake, thus 
stopping the saddle feed and the porting is so 
arranged that at the same time oil is directed to the 
cylinder, so that the slide withdraws from the tem- 
plate until the shoulder is cleared. At this point the 
saddle. feed is re-engaged. 

Longitudinal feed is controlled through the normal 
feed box and since the cross-slide is hydraulically 
powered, it is infinitely variable. 

Suitable tooling allows the saddle to be fed in either 
direction whilst copying, thus square shoulders, 
facing one another, can be machined. 


Universal Swivel Copymatic 

The tracer mechanism is the same as is fitted to the 
90° copymatic, i.e., two-dimensional control, the 
difference between the two machines being:that the 
copying slide may be swivelled to 90°. This arramge- 
ment allows considerable versatility in the jobs 
which are undertaken and both turning and facing 
work can be machined with equal facility. Normally 
only flat templates are used and two special holders 
are provided, one for turning work and one for 
facing. 


Dual Tracer 


For the larger, more complex operations the Dual 


- Tracer lathe provides 360° control of the cutting 


tool. The hydraulic tracer controls both movement of 
the cross-slide and saddle by regulating the hydraulic 
motors which drive the leadscrew and cross feed 
screw. This method of control allows the full capacity 
of the machine to be used for copying and templates 
are mounted on an overhead rail at the rear of the 
machine. 


Monarch Machine Tool Co. Ltd., Ohio, U.S.A. 
Agent: Rockwell Machine Tool Co. Ltd., London, 
N.W.2. 

The “ Air-Gage Tracer” system fitted to Monarch 
machines uses pneumatic amplification of the tracer 
movement (System V) and reference to Fig. 93 will 
show how changes in air pressure control the move- 
ment of a hydraulic spool valve. 

This system is either fitted to standard Monarch 
centre lathes or incorporated into a machine specially 
designed for copying purposes. Layout of the copying 
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Fig. 93. The Monarch Air-Tracer copying system. 
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slide is such that the tracer and template are at the 
rear of the machine, whilst the copying slide and 
tool post are mounted at the front. 

Where it is intended to have the copying system 
built-in prior to delivery of the centre lathe, an auto- 
matic cycle unit can be fitted as an additional 
feature. 

Two types of copying slides are available, one in 
which it is fixed at 45° to the work and a second 
which is adjustable to 45° and 90°. 

For large diameter facing work where constant 
cutting speed is desirable, this can be provided and 





Fig. 94. A Monarch Mona-Matic 21 fitted with 
shuttle type loading and unloading device. 
The machine is completely automatic in 
operation. 


is controlled by a special template. Feed variation is 
also available and is simply controlled by the rotation 
of a dial. 


Model 21, Mona-matic 


This machine is fully automatic and is fitted with 
a programme control circuit. On this model the 
copying slide is permanently fixed at 60° from the 
work axis, with the template mounted below the 
copying unit on a slide fitted with micrometer adjust- 
ments to ensure accurate template alignment. 


Fig. 95. The Sundstrand 14 
lathe with punched card 
control. The stack of 
punched cards is placed 
in the control cabinet and 
after the start button is 
pressed, the cycle _ is 
completely automatic. 
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A separate power-operated slide is mounted at the 
rear for recessing and the cycle of operation of this 
slide is completely separate, but is initiated by the 
normal programme control circuits. 

A variety of spindle speeds is available by means of 
pick-off gears or alternatively, if a two-speed motor 
is used, the change from high to low speed in a ratio 
of 2:1 may be achieved automatically. An 
additional feature is the provision of constant cutting 
speed control. Feeds are infinitely variable and 
depending on the number of cutting cycles required, 
up to four different feeds may be used on any one 

ass. 
m Depending on the amount of metal to be removed 
the machine can be set to take up to four passes over 
the work, the last two cycles being under template 
control, the others being parallel cuts. 

When fitted with programme control up to 24 
different operations may be programmed by means 
of cams mounted on an indexing shaft; each cam can 
be fitted on the shaft in any one of 20 angular 
positions and, by this means, the time at which the 
different machine movements take place is deter- 
mined. Indexing of the cam assembly is accomplished 
by means of electric signals produced by the contact 
of micro-switches with dogs mounted on programme 
rails at the front of the machine. 

The programme control will also integrate into the 
cycle of operations the automatic loading and un- 
loading devices. 


Sundstrand Machine Tool Co., Rockford, U.S.A. 
Agent: Rockwell Machine Tool Co., London, 
N.W.2. 

The four ranges of standard Sundstrand 
automatic lathes can be fitted with multi-cycle 
hydraulic tracing equipment, and all three cycles 
are under template control. The tracer attach- 
ment is fitted on the front turning slide, at 45° to 
the work, and the rear slide is used _ for 
facing cuts. When more than one cycle is required 
the length and depth of cut of each cycle can be set 
by the indexing stop plate. 


Modei 14T 

Where greater machine versatility is required the 
14T lathe offers advantages over those fitted with 
attachments. The tracing slide is mounted on a 
vertical slideway and at 45° to the work. Where 
facing cuts have to be taken a separate unit is 
mounted below the work and this arrangement of the 
machine components allows ample clearance for chip 
flow. 

The hydraulic tracer follows a flat template and 
up to four cycles can be taken, all under template 
control. In order that tool changing may be reduced 
to a minimum, the tracer slide is fitted with a two- 
way indexing turret for rough and finish turning. 

A variety of spindle speed ranges may be selected 
by means of pick-off gears or by the fitting of 2, 4 
or 8 speed heads. Feeds are infinitely variable over a 
wide range. 

Completely automatic cycles are chosen by means 
of selector switches mounted on the headstock and 


the movements are initiated by dogs fitted to control 
rails. 

Owing to the open front design of the machine, 
automatic loading and unloading together with chip 
disposal equipment may be fitted. 


Model 14 

A development of the 14 T is the model 14 lathe, 
which is fitted with punched card control. This 
machine is designed for the machining of stepped 
shafts from numerical information fed in by means 
of 45-column punched cards. Where curves or tapers 
are required a cam is necessary for this portion of 
the cut. The control system, developed by G.E.C., 
accepts the digital information from the punched card 
and converts it into a voltage analogue. This is ampli- 
fied and used to drive the cross-slide and saddle, the 
position of the slide being measured by a synchro 
and compared with the voltage input (the elements 
of a feed-back control circuit are illustrated in Fig. 3). 
The voltage analogue presented to the amplifier 
corresponds to the difference between the actual and 
the required position, and movement of the tracing 
slide is such that the error is reduced to zero. 

Two control circuits are fitted, one for movement 
of the saddle, whilst the other is for movement of the 
cross-slide which is mounted in a vertical plane and 
at right-angles to the work. Accuracy of the system 
is such that tolerances of + .0005 in. on diameters 
can be held whilst lengths are within .005 in. By the 
fitting of such a control system the full capacity of 
the machine can be utilised for “ copying ” purposes. 

To facilitate roughing and finishing, a two-position 
indexing turret is fitted to the cross-slide and this is 
automatically indexed at the appropriate part of the 
machining cycle. 

Spindle speeds may be changed at each diameter 
to ensure maximum cutting efficiency and up to eight 
speeds may be used by means of pick off gears. 
The saddle drive motor is hydraulic and consequently 
feeds are infinitely variable. Skip feed and rapid 
return are features of the cycle. 

As in the case of the 14'T, automatic loading and 
unloading, chip removal and gauging equipment may 
be fitted and these will also be controlled by the 
punched cards. 


Seneca Falls Machine Co., Seneca Falls, U.S.A. 
Agent : Gaston E. Marbaix, London, S.W.11. 

Model ‘Q’ automatic lathes are available in two 
sizes, the ‘AQ’ being slightly larger than the ‘LQ’ 
and also fitted with a more powerful headstock 
motor. 

The carriage for the copying slide is mounted on a 
vertical headstock bedway with the slide being 
mounted at 45° to the work. 

An unusual system is used which employs torque 
amplifiers to drive the copying slide, an electrical 
tracer being in the form of a transducer (System 
VIII) the central core of which is mounted to the 
tracer. Movements of the stylus and core create a 
voltage which is amplified and controls the speed and 
torque of a low power servo motor. This motor is 
connected to a mechanical torque amplifier and thus 
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Fig. 96. Examples of workpieces machined from bar or forgings. 


the movements of the servo motor are converted to 
an output at a high torque level. The output shaft is 
connected to the feedscrew of the copying slide. 

Where considerable quantities of stock need to be 
removed, parallel cuts can be taken. The dimension 
of these cuts is extremely easy to set up in that only 
a number of dials need be rotated to indicate the 
required diameter and length. The control system will 
accommodate up to 10 passes, the final one being 
under template control, and the control system will 
also automatically change the speed and feed. When 
loading and unloading devices are fitted, these will be 
incorporated in the cycle. 


Fig. 97. Non-circular turning of a camshaft 
on a Schaerer lathe. 


A number of recessing or turning slides may be 
fitted if required and more than one copying unit, 
either right-hand or left-hand, may be used. 


use of copying lathes 
Many of the machines which have been. described 
in previous sections are suitable, in the main, for the 


turning of shafts and similar types of products and 
Fig. 96 illustrates a wide variety of this type of 
article which have been machined on copying lathes. 
A survey by one manufacturer revealed, however, 
that there is a larger percentage of work of the ring 
or disc type, and for this it is very often desirable to 





Fig. 98. A further example of non-circular turning, using a 
plate cam. 


use a machine specially adapted for the purpose. 
In this case, either the use of a turret head on the 
copying slide or twin copying slides, fitted either side 
of the centre line, ensure rapid metal removal and a 
high rate of production, particularly when the 
machine is fitted with an automatic control cycle. 
Where such a control system is fitted, experience will 
determine the number of parts which have to be 
produced to ensure that it is economical to set up 
the fully automatic control cycle, and it will have 
been noted that in some cases the machine manufac- 
turers have adopted such devices as punched cards 
or pre-set stop plates to allow rapid changes of set-up. 
It is claimed by some manufacturers that it is justifi- 
able to use a completely automatic eye for as few 
as five pieces. 

The fitting and use of copying attachments to 
centre lathes is undoubtedly an economic proposition, 
particularly where small batches are being machined, 
as where close tolerances have to be held, e.g., on 
bearing diameters, these can be either finished by 
hand control of the lathe or finish ground on another 
machine. 

Many users have found the use of a copying slide 
of value when undertaking high speed threading 
operations up to a shoulder, as the use of the copying 
slide enables the threading tool to be rapidly with- 
drawn automatically if a shouldered template is fitted 
in the appropriate position. 

Non-circular work very often presents a number ot 
manufacturing difficulties, particularly where the 
number required is small. By using a rotating master 
accurate duplicates can be made from an existing 
part or, in some cases, a plate cam can be used. 
Mould manufacture can be facilitated by using this 
method and the technique of reverse copying is well 
illustrated in Fig. 99. 

The use of copying equipment on production 
machines such as turret or capstan lathes has not 
been fully exploited and its adoption will often 
eliminate the necessity of expensive tooling. It is 
significant that automatic copying lathes, fitted with 
indexing turret or tool posts, are extensively used on 
the Continent in place of capstan and turret lathes. 

Since the turned form is developed from a tem- 
plate, it follows that to a certain degree the final 
accuracy of the component will depend on that of the 


Fig. 99. Reverse copying of a die set on a J.E.B. OC420 G.T. 


template. Since many tracers are responsive to move- 
ments in the order of .0002 in. it is obvious that care 
must be taken to ensure that not only must the 
template itself be accurate, but that setting up is also 
accurate. Usually the template holder is provided 
with micrometer screw adjustment. 

Where long templates are being used, particularly 
if the tracer and template are in the vertical plane, 
checks should be made to ensure that the template 
holder or round master is sufficiently stiff to eliminate 
errors due to sagging. 

It may be possible to overcome this difficulty in 
the case of flat templates by making it in a number 
of parts and adjusting each part separately to ensure 
accuracy in the final component. 

Since most copying lathes use a single point cutting 
tool in a long uninterrupted cut, it is necessary to use 
tipped tools of large section so that heat may be 
readily absorbed and dissipated. As has already been 
shown, pre-set tool holders can be fitted and setting 
devices are supplied either as a fixture on the 
machine or as a separate item. 

To ensure ease of design and manufacture of tem- 
plates the stylus and tool tip are normally of the same 


Fig. 100. A Schaerer lathe equipped with a rotating master 
holder being used to copy an existing mould. 
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shape, and interchangeable stylus tips are very often 
fitted to allow a variety of tool shapes to be used. 

A valuable feature of copying lathes, especially 
when fitted with some form of programme control, is 
their extreme flexibility, particularly as they may be 
coupled together by means of automatic loading and 
unloading devices. Because of this flexibility write-off 
periods may be very much longer than _ for 
specialised machine tools, say, of the transfer type. 

An attempt has been made in this review to bring 
out the main points of the design, construction and 
use of such machines and it is hoped that production 
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engineers will thereby be encouraged to consider the 
possibilities of such machines. 


case studies 

Two case studies are given on pages 307 - 308. 

In addition, it should be noted that many machines 
are being adapted to numerical control or control by 
means of punched tape, etc., and several models 
have been announced over the last few months. These 
are mainly of American or Continental origin, and it 
is likely that there will be significant developments in 
this field in the near future. 


The author would like to thank the many manu- 
facturers and agents for their generous help in pro- 
viding information for this review, which was spon- 
sored by the Institution’s Papers Committee, who 
gave much help and guidance. 
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CASE STUDY A (see facing page) 


This cast iron brake cover is finished machined in three 
settings on the Unicop IV, with one man operating two 
machines. Total production time is 12.7 min. (9.4 min. 
machining time, 3.3 min. idle time). 


The bearing diameters are finished machined during the 
cycle. 


Three stages in the working cycle are shown in the 
photographs, whilst the tooling set-up is outlined in the 


drawings. 
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COPY TURNING LATHES — CASE STUDY A 




















COPY TURNING LATHES — CASE STUDY B 
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First operation 


Straddleface and profile turn short end — two cuts. 
Spindle speeds : 430 and 870 r.p.m. 


Carriage feed: .015 in./rev. 





Cycle time: 54 seconds. 


Second operation 


Groove and profile turn. 
Spindle speeds : 870 and 430 r.p.m. 
Carriage feed: .015 in./rev. 


Cycle time: | minute 10 seconds. 


MAINSHAFT IN EN 353 MACHINED ON A 
CHURCHILL-REDMAN P5 COPYING LATHE 
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TECHNICAL EDUCATION IN 
CANADA, BRITAIN AND THE UNITED STATES* 


by A. E. THOMAS, B.Sc.(Eng.), B.Ed., P.Eng. 


Director of Mechanical, Metallurgical and Aeronautical 
Technologies at The Ryerson Institute of Technology, 
Toronto, Ontario. 


| i Ontario, where technicians in the engineering 
industry have collected from many parts of the 
world and have such diversified educational back- 
grounds, there is a fundamental need for some more 
or less clear picture of comparative technical levels. 
In my own experience, I have found that a simple 
misunderstanding of the Canadian viewpoint can so 
easily cause feelings of frustration, and even resent- 
ment, among newcomers to Canada. 

For our group here, I think the most helpful 
approach to a difficult subject would be to compare 
directly the educational situation in Ontario with 
that in the United Kingdom, with some little mention 
of that in the U.S.A.; for Canadian education, while 
being a copy of neither, is influenced by both. 

Dealing first with the question of professional 
status, the normal route to this, in all three countries, 
is, of course, a University Degree in Engineering 
together with approved industrial experience. Now 
some 30%, of all high school graduates in the U.S.A. 
proceed to some type of college education: the 
corresponding figures for Canada are 7°, and for 
Britain about 5%. It follows that there are pro- 
portionately more degree men available in the States. 
But, of course, there is considerably more to the 
picture than just numbers. There is a very wide 
diversity in the levels of the U.S.A. University 
degrees and, although some of them may well be 
considered among the best in the world, there are 
many others that the Americans themselves admit to 
being of a much lower standard. 

The Canadian University Degree in Engineering, 
requiring four years’ work with entry at Grade XIII, 
compares with the British equivalent. , 

There is one important point to bring out here. 
Generally speaking, the mass of engineering work is 
done, not so much by the top layer of superlatively- 





* An address given to the Canadian Section of The Institution 
of Production Engineers at their Annual Dinner held on 
19th November, 1959. 


trained engineers, but essentially by high-level tech- 
nologists whose work lies between the top level men 
and the skilled craftsmen. Some of these men may 
have University degrees, some may not, but they are 
all specifically trained in their particular fields. It is 
likely that the number of men of this calibre produced 
by the huge educational output of the U.S.A. has 
given such originality and vigour to American 
industry. 

This point was, well made by the joint Anglo- 
U.S.A. Productivity Team that investigated the set- 
back in British industry after the War. I quote from 
their 1951 Report : 


“The outstanding difference between the two 
countries in the production of scientific and 
engineering personnel for industry is to be found 
at the level of the Americal first degree (B.S.).” 


In connection with this Report, Stephen Cotgrove 
in his recent book “Technical Education and Social 
Change” makes the following comment : 


“Tf it is assumed that the British equivalent is the 
Higher National Certificate, America is pro- 
ducing more than three times as many engineers 
at this level in proportion to population size. 
At the higher levels, however, the British output 
is proportionately higher in engineering, though 
the output of scientists is lower.” 


We know that in Canada the engineering industry 
is, on the whole, tied to the colossal American com- 
bines. In Ontario, for example, it does not take much 
searching around to see that our engineering is 
essentially that of production, the basic research and 
design being done, for the most part, south of the 
border. There are now in Ontario something like 
18,000 registered professional engineers. There seems 
to be no shortage now, nor does it seem likely, in view 
of the present campaign by the Universities, that there 
will ever be a shortage in Ontario of high-level 
engineers. 
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Let us examine the position here at the level just 
below that of the Canadian University degree. ‘lhis 
will be the level of the technologist, the man trained 
in the application of engineering theory to actual 
industrial practice, whose training is such that he 
interprets the language of both the profesisonal 
engineer and the craftsman. In production such a 
man is in the nature of a key man: in Britain, this 
level is largely filled by the National Certificate 
graduates. 

In Canada, as you know, the engineering pro- 
fession with all the rights and privileges pertaining 
to it by law is governed by the Association of 
Professional Engineers, under its Charter. In Ontario, 
this body has recently taken an original and funda- 
mental step in classifying and defining all grades of 
engineering technicians below the level of the pro- 
fessional engineer. There now exist in Ontario four 
distinct technical levels : Technician, Grades I, II and 
III, and Technologist. The last title is available with 
suitable industrial experience to possessors of the 
Higher National Certificate with endorsements. The 
fact that these qualifications gave entry to professional 
status until quite recently indicates the high level of 
the Technologist. The Technician grades are steps up 
to this. 

Entry to all these levels is open to anyone working 
in the engineering industry who is prepared to sit the 
required examinations. A ladder has been provided in 
the profession which may be climbed by attendance 
at evening classes in almost any major city. Full-time 
training up to the Technologist level is given at the 
Institutes of Technology which are run throughout 
the Province by the Department of Education. The 
largest of these is Ryerson, which is in Toronto, but 
others have been established in Hamilton, Ottawa and 
Windsor. 

This framework of contiguous status is in _ its 
entirety comprehensive enough to cover the whole 
field of engineering, but it is barely a year old and its 
impact upon industry in Ontario has yet to be felt. 


the apprenticeship scheme 

In Britain there is the well-established apprentice- 
ship scheme. With part-time day release or evening 
classes an apprentice can, through the examinations 
of such bodies as the City and Guilds of London or 
the Union of Lancashire and Cheshire Institutes, 
gain accreditation as a_ skilled tradesman. 
Alternatively, he can enter upon the National 
Certificate Course and, with a bit of luck, obtain the 
Ordinary National in three years and the Higher in 
another two. With further endorsements and the 
appropriate industrial experience, he can eventually 
apply for Associate Membership of the professional 
engineering institutions. 

This road, although it is a long one, is open to him. 
Ilow does it compare with what we are doing in 
Canada ? You may well ask why something similar 
has not been adopted here. 

According to Dr. Venables, the Principal of the 
Birmingham College of Advanced Technology, who 
recently visited us at Ryerson, other schemes are being 
tried out today even in Britain. He estimated that 
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only one in five who started, finished the O.N.C. in 
the allotted time, and only one in six the H.N.C. 
Of course, many drop out or transfer to trade courses 
early in the race, for with the present high standing 
of the skilled tradesman, the tedious National 
Certificate Course is not always the path of wisdom. 
Even of those who complete the course, less than 
half usually pass at the Ordinary level, although the 
percentage rises to 60 or 70 for those who stick it out 
to the H.N.C. 


the National Certificate scheme 

This National Certificate scheme, which since 1922 
has done so much to promote technical training at 
the intermediate level, has proved wasteful and in 
other respects disappointing in Britain. It is not so 
well suited to our conditions in Canada, requiring 
as it does the complete co-operation of industry. The 
extremely narrow scope of the course seems to be 
pushing the British educational trend in the direction 
of broader schemes offered in the Regional Colleges 
and the Colleges of Advanced Technology. 
Nevertheless, it still supplies the largest number of 
intermediate technologists. 

(Mr. Thomas at this point made reference to two 
charts; one reproduced from Dr. Venables’ book, 
“ British Technical Education” by kind permission of 
the author, and another prepared by Mr. Thomas. 
Both charts showed the routes from school to techni- 
cal qualification, the first in the U.K. and the second 
in Ontario.) 

You will note that we also have in Ontario a 
sandwich scheme being run at Waterloo College. 
Entry here is at Grade XII (not Grade XIII) and the 
sandwiching consists of three months in college and 
three months in industry over a period of six years. 
A degree is given. One important difference is that 
the Ontario scheme is “ college-based”, while the 
United Kingdom schemes are in general “ works- 
based ” and financed by industry. 

You can see also that Ryerson and its sister 
Institutes of Technology are destined to fill the gap 
between the Technical Schools, where trades are 
taught as such, and the Universities. The courses are 
full-time day and run from September until May. 
Entry is at Grade XII (G.C.E. O). 

Although these Institutes do not provide free 
education they are rather heavily subsidised by the 
Department of Education, and the fees, as opposed 
to those applying at the Universities, can be con- 
sidered as being within the reach of most parents. 

The level of technological training follows in many 
respects that of the Higher National Certificate 
Course, but it is much broader in its scope. At a fairly 
rough estimate, beginning at the equivalent of our 
Grade XII, the student at Ryerson will do some 2,600 
hours of study. whereas in the National Certificate 
Course the equivalent number of hours in part-time 
day release may range around 1,400. It follows that 
we have more freedom to broaden our syllabus and 
introduce some of the humanities. In some subjects, 
say, Thermodynamics in the Mechanical Course, we 
do not attempt to reach the H.N.C. level, as we feel 
we do not need this particular subject so much here, 























and can strike a better balance by introducing such 
a subject as Machine Design. I have laid out for you 
the syllabus of the Ryerson course in Mechanical 
Technology and a comparative syllabus of the 
Mechanical H.N.C. At present we are running the 
following technological courses at Ryerson: Aero- 
nautical, Architectural, Chemical, Civil, Electrical, 
Electronic, Gas, Instrument, Mechanical and 
Metallurgical. 

And what of adult education? There is in 
Ontario a wide range of educational facilities for 
technicians already employed in industry. The 
Department of Education, working in conjunction 
with the Association of Professional Engineers, has 
organised the curriculum of a series of “ Advanced 
Technical Evening Certificates”. Classes for these 
Certificates are held at the Institutes of Technology 
and at Technical and other schools throughout the 
Province. Teachers are drawn both from the 
Department and from local industry. Graduation at 
the various levels of these Certificates will enable the 
student to qualify for the Technician standing recog- 


MECHANICAL TECHNOLOGY 
PROGRAMME OF STUDIES 


FIRST YEAR 
Hours per week 
Subject Lecture Laboratory 

Chemistry 3 2 
Electricity and Magnetism 3 2 
Engineering Drawing . ay ae - 4 
English Si ai oss ve 4 ~ 
Mathematics 5 - 
Physics tis ore ees 3 2 
Physical Bdusation a0 ges ae -- 2 
18 12 

SECOND YEAR 
English 3 - 
Mathematics 4 - 
Economics 2 - 
Applied Stechenies + 2 
Mechanics of Materials - a 3 - 
Metallurgy and Welding haa wae 2 5 
Manufacturing Processes 2 3 
20 10 

THIRD YEAR 
English oes ve ee wes 2 - 
Mathematics... 4 - 
Mechanics of Materials w= Machines 4 2 
Machine Design : Jee ae 5 
Applied Thermodynamics _... wes 2 2 
Tool Design ss oes wee - 2 
Metrology oe sie ies one - 2 
Mechanics of Fluids a Ses eis 2 2 

Technical Report “a eee see 
14 16 


nised by-the Association of Professional Engineers. 
The scheme is only a year old and not as widely 
known as it should be. For those who are interested, 
details may be had on application to the Association 
of Professional Engineers of Ontario, 236 Avenue 
Road, Toronto. 

With approved experience, professional engineering 
status may be obtained in Ontario by sitting the 
Association examinations. Evening tutorial classes for 
candidates are held at Ryerson. This road, however, 
is long and arduous, as it is in Britain, and as it must 
necessarily be anywhere. 

Although a tight apprenticeship scheme is not 
established in Ontario as it is in the United Kingdom, 
nevertheless the large number of technical and trade 
schools in Toronto and the main industrial centres 
give instruction both in the day and in the evening 
in all the various trades. It can be seen, therefore, 
that there is ample scope for any engineering tech- 
nician in Ontario to improve his position through 
study. The facilities are here if he has the ambition 
and the will to take advantage of them. 


TYPICAL DAY RELEASE 
HIGHER NATIONAL CERTIFICATE SYLLABUS 


One day and one night a week, over five years 
(without endorsements ) 


$1 

Engineering Drawing I de oi aa mre 2 
English I ‘ 2 
Engineering Science 1 dad au a dab Tm 
Mathematics I 2 
S2 

Engineering Drawing II 24 
English IT , za 1 
Engineering Science IT ata ase hc eee 
Mathematics II 23 
$3 (O.N.C.) 

tApplied Heat III... = it was <n 
t+Applied Mechanics III me ne Sa: age Oe 
+Mathematics III ae a ba aa ‘a 3 
Al 

Materials and Machines IV ane eas ae” 
Mathematics IV 233 an sit eas das a 
Applied Thermodynamics I mic ane ioe 8 
A2 (H.N.C.) 

*Strength of Materials aa tea xu “ie Seem 
tApplied Thermodynamics II asd wu “ey 70 
+Theory of Machines ae ae ade Saale 


In a sixth year such endorsements as Industrial Administra- 
tion, Works Organisation and Management, Work Study, 
etc., may be taken. 


+ These examinations are assessed by the Institution of 
Mechanical Engineers. 

* About one-third of the time for these subjects may be 
allocated to laboratory work. 
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COUNCIL NOMINATIONS 


NOTICE OF COUNCIL ELECTIONS 1960-196! 
NOMINATIONS 


In ‘accordance with Article 43, nominations are invited to fill nine vacancies 
for Elected Members to serve on Council for 1960 - 1961 (i.e., eight Members 
and one Associate Member). 

Before candidates are nominated for election, their consent must be obtained. 


Candidates for election must be nominated in writing by three * Corporate 
Members of the Institution. 


In addition to nominations as in (c) each Section Committee may nominate 
one candidate. 


The nominees must give the full Christian names (or forenames) together with 
respective addresses of the person or persons they are nominating. 


The nomination must be accompanied by brief biographical notes of the 
person or persons who have been nominated. 


Nominations must be set out on a separate sheet of paper and not included in 
a letter dealing with other subjects. 


Nominations must be contained in a sealed envelope marked “Council 
Nomination ”. 


Nominations must reach the Secretary at 10 Chesterfield Street, Mayfair, 
London, W.1, not later than Monday, 16th May, 1960. 


The members listed below are due to retire and are not eligible for re-election 
as Elected Members until at least one year has elapsed. 


Members 
G. R. Blakely; J. V. Connolly; E. Percy Edwards; P. H. W. Everitt; 
B. C. Harrison; E. Levesley; R. N. Marland; Dr. T. U. Matthew. 


Associate Member 


R. J. C. Whitaker. 
By Order of the Council, 
W. F. S. WOODFORD, 


Secretary. 


May, 1960. 


* Corporate Members are: Honorary Members, Members, Associate Members. 
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COUNCIL NOMINATIONS — continued 


PARTICULARS OF MEMBERS OF COUNCIL OF THE 
INSTITUTION 1960-6! 


This information is given in accordance with Article of Association No. 37. It is 
compiled from details available up to 21st April, 1960. None of the members shown 
on this list should be nominated as an Elected Member of Council. 


PRINCIPAL OFFICERS 


President: G. R. Pryor 
Vice-President : H. Burke 
Chairman of Council: R. H. S. Turner 
Vice-Chairman of Council: A. L. Stuchbery 
Immediate Past Chairman of Council: H. W. Bowen, 0.B.£. 


ELECTED MEMBERS 


The following Elected Members will continue in office for a further year from 


Ist July, 1960: 
C. T. Butler R. S. Clark N. A. Dudley 
B. H. Dyson J. France S. G. E. Nash 
J. S. Silver H. Unsworth G. A. J. Witton 


CHAIRMEN OF REGIONAL COMMITTEES 
ADDITIONAL REPRESENTATIVES ON COUNCIL 
At the time of going to press the election of Regional Officers had not been 
completed. 








DIARY FOR 1960 


MAY 11 ___... oes iii Sixth Conference of Engineers Responsible for Standards, at the Connaught 
Rooms, London. 


JUNE 1 oa dex “~ The 1959 George Bray Memorial Lecture (see Journal Supplement). 


JUNE 27... ad id Summer Meeting, at the Festival Hall, London, preceded by The 1960 Viscount 
Nuffield Paper, at The Royal Institution, London (see Journal Supplement). 


AUGUST 24-28 ... abs Symposium, at The College of Aeronautics, Cranfield. 
Subject : “Machine Tool Control Systems” (see Supplement). 


SEPTEMBER 21... on The 1960 E. W. Hancock Paper, in London. 


OCTOBER 12-14... abe National Conference, at Brighton. 
: Theme : “Modern Trends in the Manipulation of Metals ” 


NOVEMBER 2 hee nee Annual Dinner, at the Dorchester Hotel, London. 


NOVEMBER 10... __... The 1960 Sir Alfred Herbert Paper, at The Royal Institution, London. 
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A LETTER FROM THE PRESIDENT 


Dear Fellow Member, 

You will now be aware from various announcements that the Institution’s first Summer 
Meeting will be held on 27th June, in London. The Conversazione, which forms part of the 
Summer Meeting, will take place at the Royal Festival Hall. 

During my term of office as President, | have had the pleasure of meeting members in all 
parts of the country at their own Section and Region functions, but this Conversazione will give 
me and Mrs. Pryor the opportunity of meeting a much larger number of members, their ladies and 
their guests, than on any other Institution occasion. 

Full details of the entertainment arranged — which is quite exceptional — will be found in 
the Supplement. 

| hope you will not miss the opportunity of taking part in what | am sure will be a long- 
remembered and most enjoyable event. 

Yours sincerely, | 








CALCUTTA SECTION 
ANNUAL DINNER 


The Annual Dinner of the Calcutta 
Section was held on 6th February, 
1960, at the Great Eastern Hotel, 
Calcutta. The Dinner, at which the 
principal guest was the Secretary of 
the Institution, Mr. W. F. S. Woodford, 
was attended by 128 members and 
friends, and was preceded by a cocktail 
party, where Mr. Woodford was given 
the opportunity of meeting many 
members. 








Amongst the guests was Mr. R. M. 


Currie, CBE. M.EPecdB. Head of Three of the guests os Mr. Woodford, Mr. Currie and Mr. Satow — with the 
the Work Study DeparumediGl E01 Calcutta Section Committee. (Left to right): Mr. S. R. Chatterjee; Mr. S. J. 

i Ut. Shahany; Mr. P. J. O’Leary (Honorary Secretary); Mr. Currie; Mr. Satow; 
Ltd., and who, like Mr. Woodford, was Mr. T. R. Gupta (Section Chairman); Mr. Woodford; Mr. E. W. H. Scaife; 
on a visit to India. ‘ Mr. P. Bhattacharji; Mr. B. F. Goodchild; and Mr. H. N, Ghosal. 
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PRESENTATION TO BIRMINGHAM MEMBER 


The Annual Dinner - Dance of the Birmingham Section, held on 13th February, 
1960, was made the occasion of a presentation to Mr. J. H. Hughes, M.B.E., 
long-time member of the Institution, and until recently a member of the Birmingham 


Section Committee. 


The presentation took the form of a cut glass vase, and in recognition of his long 
years of service to the Institution, the Birmingham Section arranged for him to be 


made a Life Member. 


Awarded the M.B.E. in 1945 after nine years’ service devoted to building up 
aero-engine production. Mr. Hughes continued his activities as Works 





Superintendent at The Rover Company’s Agency Factory at Acocks Green until his 


retirement at the end of 1958, having completed 34 years with the Company. 


Mr. J. H. Hughes 





MIDLANDS REGION MEETING 


The 1960 Midlands Regional Paper, presented at 
The Sibree Hall, Coventry, on 7th April, attracted 
an audience of approximately 250 to a most success- 
ful meeting. 

The speaker was Mr. W. Allen, B.Arch., A.R.I.B.A., 


Superintending Architect of The Building Research 
Station, D.S.I.R., Watford, and his subject was 
“Factory Design for the Future”. 

The Paper will be published in the June issue of 
The Production Engineer. 





ROCHESTER CHAIRMAN PRESENTS 
CERTIFICATES 


Mr. Peter Bradford, Chairman of the Rochester 
Section of the Institution, recently presented Higher 
National Certificates for Production Engineering to 
five students of the Medway College of Technology. 
The successful candidates were J. Kidd (Chatham 
Dockyard); J. P. Roche (Elliott Bros., Rochester); 
D. Robinson (Elliott Bros., Rochester); and B. R. 
Lawrence and M. V. Excell (two apprentices from 
Tilling-Stevens, Maidstone). 

Medway College is the first college in Kent to run 
a H.N.C. course in Production Engineering, and these 
were the first awards to be made since the course was 
started, two years ago. 


Below: Mr. Bradford with the five successful students. 





Courtesy of Chatham Standard 
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NEWS OF MEMBERS 


Mr. E. W. Hancock, O.B.E., Honorary Member, 
and Past President of the Institution, has been 
appointed Chairman of the Coventry and District 
Disablement Advisory Committee. He has also 
recently been elected to the Committee of Human 
Sciences of the Department of Scientific and 
Industrial Research. Mr. Hancock is Director of 
Special Projects, Humber Ltd. 


Mr. J. R. Bergne-Coupland, Member, who is 


Assistant Managing Director of Ruston & Hornsby 
Ltd., has been appointed High Sheriff of 
Lincolnshire. Mr. Bergne-Coupland has been a 
member of the Lincoln Section Committee since its 
formation in 1943, and was Chairman of the Section 
from 1948 to 1950. 


Dr. G. S. Brosan, Member, formerly Lecturer in 
Mechanical Engineering at Willesden Technical 
College, is now Senior Assistant Education Officer to 
the Education Committee of the County Council of 
Middlesex. Dr. Brosan serves on the Papers Com- 
mittee of the Institution. 


Mr. R. N. Cook, Member, formerly Research and 
Development Manager of the Wimet Division of 
Wickman Ltd., has now been appointed Assistant 
General Manager of that Division. 


Mr. W. S. Hollis, Member, Assistant Director, 
Aircraft Production Development, Ministry of 
Aviation, has been awarded a Doctorate of 
Philosophy of the University of London. 


Mr. R. Parish, Member, has been promoted from 
Senior Executive to Director of the Benjamin Crook 
& Sons Ltd. Group of Companies. 


Mr. Leonard Walker, Member, Director of Noble 
& Lund Ltd., Gateshead, has been appointed General 
Manager. Mr. Walker is a past Chairman of the 
Newcastle upon Tyne Section of the Institution. 


Mr. F. Woodifield, Member, has retired from 
business. Mr. Woodifield, who was Assistant 
Managing Director of the Park Gate Iron and Steel 
Co. Ltd., Rotherham, has been actively concerned 
with the work of the Institution for many years and 
all members will wish him a long and happy retire- 
ment. A longstanding member of the Sheffield 
Section Committee, of which he is a Past Chairman, 
he is also a Past Chairman of the Institution’s 
Membership Committee and has served on the 
Fducation Committee. 
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Mr. J. P. Dainty, Associate Member, has relin- 
quished his position as Production Development 
Engineer at Vickers-Armstrongs (Aircraft) Ltd., 
Weybridge, and has taken up an appointment as 
Engineer II responsible for Machine Tool Develop- 
ment, at the Atomic Weapons Research Establishment, 
Aldermaston, Berkshire. 


Mr. B. N. Ganguly, Associate Member, has relin- 
quished his position as Methods Engineer with 
Machinery Manufacturers Corporation Limited, 
Kidderpore, Calcutta, and has taken up an 
appointment as Production Engineer with Messrs. 
Saxby & Farmer (Ind.) Private Ltd., Calcutta. 


Mr. C. T. John, Associate Member, has taken up 
an appointment as Senior Technical Editor at the 
Culcheth Laboratories, Research and Development 
Branch, Development and Engineering Group, 
U.K.A.E.A., Culcheth, Warrington. 


Mr. G. D. Kendrick, Associate Member, is now 
Lecturer in the Department of Production 
Engineering and Management at the Wolverhampton 
and Staffordshire College of Technology. 


Mr. H. J. Manners, Associate Member, is now 
Section Leader at Vickers-Armstrongs Ltd., South 
Marston, Swindon, in the nuclear design office. 


Mr. R. A. Powell, Associate Member, has recently 
joined Harold Whitehead and Partners Ltd. as 
Production Engineer Consultant. He was previously 
with H. H. Fraser and Associates (Rhod.) (Pvt.) Ltd. 


Mr. G. M. Ranson, Associate Member, formerly 
General Works Manager of Audley Engineering Co. 
Ltd., Newport, has been appointed Works Director. 
Mr. Ranson is a member of the Institution’s Materials 
Handling Group Committee. 


Mr. Gordon D. Robson, Associate Member, has 
been appointed a Director of Noble & Lund Ltd., 
Gateshead. Mr. Robson is a past Chairman of the 
Newcastle upon Tyne Graduate Section of the 
Institution. 


Mr. D. J. Taysom, Associate Member, has now 
returned from a period abroad and has taken up 
the appointment of Managing Director of The Brush 
Crystal Co. Ltd.. Hythe, Southampton. 


Mr. B. E. Terry, Associate Member, is now 
Technical Manager and Chief Engineer of Lacrinoid 
Products Ltd., Gidea Park, Essex. 

















Mr. J. R. Thompson, Associate Member, has taken 
up an appointment with the Churchill Machine Tool 
Co. Ltd., Broadheath, near Manchester, as Technical 
Representative in the Midlands area. 


Mr. W. C. Tuck, Associate Member, has been 
transferred to the Liverpool Factory of Otis Elevator 
Co. Ltd., as Assistant Works Superintendent. 


Mr. G. Webb, Associate Member, is now Assistant 
Factory Manager (with special reference to technical 
problems of production) at the Latex plant of Playtex 
Ltd., Port Glasgow, Renfrewshire. 


Mr. H. J. C. Weighelll, Associate Member, formerly 
Production Superintendent, Industrial Systems, 
Sperry Gyroscope Co. Ltd., is now Chief Planning 
Engineer, Group Production, with the Rootes Group, 
Coventry. Mr. Weighell serves on the Papers Com- 
mittee of the Institution. 


Mr. M. T. Brown, Graduate, is now Commissioned 
in the Education Branch of the Royal Air Force. 


Mr. Alan Green, Graduate, has relinquished his 
position as Production Management Advisor to the 
British Institute of Management, and is now 
Industrial Engineer with Mullard Equipment Ltd. 


Mr. D. W. G. Hall, Graduate, has left Guest, 
Keen & Nettlefolds (Midlands) Ltd. to take up the 
appointment of Assistant Works Manager at Motor 
Components (Birmingham) Ltd., Bilston, Staffordshire. 


Mr. R. Laxon, Graduate, has left Baker Perkins 
Ltd. to join Unilever Ltd., Food Research Depart- 
ment, Sharnbrook, Bedfordshire, as a _ Project 
Engineer. 


Mr. P. W. Millyard, Graduate, has relinquished his 
position with the English Electric Co. Ltd., and has 
taken up an appointment as a Design Engineer Grade 
III with the Australian Weapons Research Establish- 
ment. 


Mr. D. W. Minett, Graduate, has relinquished his 
position as Work Study Engineer with Osram 
(G.E.C.) Lampworks and is now Development 
Engineer with Mallory Metallurgical Products Ltd., 
Wembley, a subsidiary of Johnson, Matthey & Co. 
Ltd. 





Mr. A. K. Mitra, 
Graduate, has relinquish- 
ed his position ot Gradu- 
ate Mechanical Engineer 
with C. A. Parsons & 
Co. Ltd., Newcastle- 
upon-Tyne and has now 
joined Imperial Chemi- 
cal Industries (India) 
Private Ltd., Calcutta, on 
his return to India. 


Mr. H. E. Alan Noble, Graduate, has been 
appointed a Director of Noble Lund Ltd., Gateshead, 
and takes over the duties of Works Manager. Mr. 
Noble is a past Chairman of the Newcastle upon 
Tyne Graduate Section of the Institution. 


Mr. M. J. Paine, Graduate, formerly Project 
Engineer with C.V.A. Jigs, Moulds & Tools Ltd., 
Brighton, has been appointed Assistant Mechanical 
Engineer to Messrs. W. R. Sykes Interlocking Signal 
Co. Ltd. 


Mr. R. Rainford, Graduate, has relinquished his 
position as a Work Study Engineer with the General 
Electric Co. Ltd., and has taken up an appointment 
as a Purchasing Technical Assistant with Brown and 
Polson Ltd., Manchester. 


Mr. E. Rath, Graduate, has recently been appointed 
Quality Controller of the Palestine Can Co. Ltd., of 
Petach-Tikvah, Israel, an associate Company of The 
Metal Box Co. (Overseas) Ltd., England. 


Mr. R. Sutcliffe, Graduate, formerly with Denford 
Small Tools (Brighouse) Ltd., has been appointed 
Northern Editorial Representative for “Machinery”. 


Mr. J. M. Webb, Graduate, has now taken up an 
appointment in the Engineering Department on 
design and layout of plant, with Plant Protection 
Ltd., Yalding, Kent, a subsidiary of I.C.I. Ltd. 





BINDERS FOR “ THE PRODUCTION ENGINEER ” 


As a result of requests from members, the Institution is now able to supply 
the “ Easibind ” type of binder, in which metal rods and wires hold the issues in 
place, and which is designed to hold six issues. 


It will be found that copies of “ The Production Engineer” can be quickly and 
simply inserted into this binder, without damage to the pages, and that binding six 
issues at a time, instead of twelve, will facilitate easier reference and handling of 


the volumes. 


The new binders may be obtained from: The Publications Department, 
10 Chestegfield Street, Mayfair, London, W.1, price 10/6 each, including postage. 
Date transfers, for application to the spine of the binder, can be supplied if 


required, price 6d. each. 
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Hazleton Memorial Library 





Parsons, S. A. 


ADDITIONS 





Members are reminded of the following Library rule, which is frequently ignored : 


“The initial loan period is one month, and borrowers may keep books and 
periodicals for further periods of one month, if they ask the Librarian, and if 
no other borrower wants them. Applications for renewal may be made by 


post or telephone.” 


. “ Production Tooling Equipment : 
The Design of Jigs, Tools and Gauges.” (2nd edition.) 
London, Cleaver-Hume Press, 1960. 328 pages. Diagrams. 
Tables. 28s. 

This is the second edition of a textbook recommended by 
The Institution of Production Engineers for Part II of 
the Associate Membership Examination. It is based on 
lectures delivered at The College of Advanced Tech- 
nology, Birmingham, at which the author was formerly 
in charge of Production Engineering. In this edition the 
author has revised the sections on ceramic tools and 
workshop and inspection gauges, and has added some- 
thing on “ throw-away” tool tips and on automation. 
The first two parts of the book deal with the design of 
drilling jigs and fixtures, in which as far as possible each 
jig or fixture is discussed relative to the component with 
which it is to be used, and with a diagram. The third 
part deals with cutting tools and tool layouts for various 
machines, with special attention paid to the design and 
application of cutting tools. There are sections on micro- 
drilling, the design of high-rake milling cutters, broach 
design, with special reference to surface broaching ; and 
a comprehensive tooling layout for a sliding head auto- 
matic. The last part is concerned with the design of 
practical gauges. The six appendices comprise: Notes 
on jig and tool design as an academic study — typical 
syllabus for a course in jig and tool design for H.N.C. 
Production Engineering (one session) — Typical syllabuses 
for a course in jig and tool design for the H.N.C. in 
Production Engineering (two sessions) — Tool design: 

Syllabus for the Associate Membership examination of 
The Institution of Production Engineers — Selected 
British Standards — Jig and tool design: Typical 
examination questions. 


Roberts, John A. (compiler), ‘Spring Design and 


Calculations.” (9th edition.) Redditch, Herbert Terry 
and Sons Ltd., Technical Research Laboratory, 1958. 
135 pages. Diagrams. Tables. 
Contents: Helical compression and extension springs — 
Extension springs and initial tension — Calculation of 
helical compression and extension springs — Square and 
rectangular section springs — Volute — — Conical 
springs — Valve sp ~ — Surging of valve springs — 
} seal frequency — Natural frequency of a single mass 
system — Springs with material subject to bending 
stresses (helical and spiral torsion of springs) — Power 
of clock-type springs — Flat springs — Multiple leaf 
springs or laminated springs — Belleville washers — 
Waved washers — Circlips or retaining rings —- Com- 
bined axial and horizontal loading on compression of 
springs — Spring driving belts — Velocity of helical 
springs — Helpful hints when ordering springs — 
Tables — Useful data — Spring materials. 


Rudner, Merritt Allen. “ Fluorocarbons.” New York, 


Reinhold Publishing Corporation; London, Chapman and 
Hall, 1958. 238 pages. Illustrated. Diagrams. Tables. 46s. 
(Reinhold’s Plastics Application Series.) 

Deals with the properties and chemistry of fluorocarbon 
plastics; and with processing and fabrication techniques. 
Compares the capabilities of fluorocarbons with those of 
other plastics, and p mai their chemical, electrical 
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Thompson, M. Stafford. 


and mechanical applications, 

Contents: Fluorocarbon resins — General properties 
of the fluorocarbons — Chemistry of the fluorocarbons — 
Processing techniques for polytetrafluoroethylene — 
Processing techniques for polytrafluoroethylene — Effects 
of fabrication on the properties of teflon — Electrical 
applications — Mechanical applications — Future of 
the fluorocarbons — Bibliography. 


Schaller, Gilbert E. ‘* Engineering Manufacturing Methods.” 


(2nd edition.) New York, London, etc., McGraw-Hill, 
1959. 682 pages. Illustrated. Charts. 

This book describes most engineering manufacturing 
processes, and incorporates information about recently 
developed processes. Preliminary chapters summarise the 
properties of engineering materials, and are followed 
by chapters on casting and moulding processes; heat 
treatment; machine shop processes; metrology; and 
welding and brazing. There are chapters on numerical 
control of machines; and on transfer machining. “ Survey 
questions” at the end of each chapter enable the student 
to test his knowledge of the subject dealt with. 


Smith, W. Mayo. “ Vinyl Resins.” New York, Reinhold 


Publishing Corporation; London, Chapman and Hall, 
1958. 282 pages. Illustrated. Diagrams, 46s. (Reinhold’s 
Plastics Application Series.) 
Surveys the manufacture, chemistry, types and properties 
of vinyl resin. New polyvinyl! “pearls ” and Delrin resins 
are included. Typical applications of vinyls are given 
in great detail, and such items as vinyl laminates, rigids, 
foamed material and latex paints are stressed. 
Contents: Scope of the vinyls — Types and properties 


_— Chemistry — Manufacture and fabrication — 


Applications —- New developments. 


“Gum Plastics.” New York, 
Reinhold Publishing Corporation; London, Chapman and 
Hall, 1958. 189 pages. Diagrams. 36s. einhold’s 
Plastics Application Series.) 

The general properties, chemistry and practical applica- 
tion of rubber-modified or gum plastics resins are dealt 
with. The work centres round the impact rigid poly- 
styrene polymers, ABS polymers and_ impact-rigid 
polyvinyl chloride polymers as the more important com- 
mercial compounds. Contents: Introduction — Basic 
chemistry and manufacture — Processing and fabrication 
— Application of gum plastics, 


Von Neumann, John. “ The Computer and the Brain.” 


New Haven, Conn., Yale University Press, 24s. 

This book is based on material prepared for the Silliman 
lecture which the author was invited to present to Yale 
University, but was unable to deliver before his death in 
1957. The author was one of the foremost mathematicians 
of the 20th century. In his book he studies the analogy 
between the human brain and nervous system, and 
modern calculating machines. 
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The leaders in all fields of 


industry rely on ED for 


the finish to match the high 


standard of their products 


RIC supply Underbody Dip 
Primers and Primer Surfacers 
for Vauxhall passenger vehicles. 


RIC supply Underbody Dip Primers, 

Primer Surfacers and Colour Coats 

for Bedford Trucks and Commercial 
Vehicles. 





INDUSTRIAL FINISHES 





ROBT. INGHAM CLARK & CO., HEAD OFFICE: 93-97 NEW CAVENDISH STREET, LONDON, W.1. 
TEL.: LANGHAM 0831. DEPOTS: BELFAST, BIRMINGHAM, BRISTOL, GLASGOW, LEEDS AND LIVERPOOL 
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Mobil Cutting Oils 


SPEED PRODUCTION 


Machine tool operation is daily becoming more 
complex ... more difficult. Industrial speed-up and 
continuous production depend on cutting oils 
designed to fit each individual job. 

Today Mobil Cutting Oils make hundreds of 
difficult cutting jobs possible. 

These special oils are helping to increase the 
efficiency of machining operations everywhere. 
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P. J. O'Leary, c/o Guest, Keen, Williams Ltd., 41 Chowringhee Road, Calcutta, India 


NEW ZEALAND 
A. F. Noutch, 6 Trafalgar Road, Milford, Auckland, New Zealand. 


SOUTH AFRICA 


A. Aitken, 209-211 Pharmacy House, 80 Jorissen Street, Johannesburg, P.O. Box 10837 
South Africa. 


UNITED KINGDOM 


W. Silberbach, 45 Bagnell Road, Kingsheath, Birmingham, 14. 
A. E. Haynes, c/o A. B. Metal Products Ltd., Abercynon, Glamorgan. 
F. G. Hawke, 3 Bellevue Terrace, East Hill, ‘Cuckingmill, Camborne, Cornwall 
A. S. Hopkins, 39 Oaks Road, Kenilworth, Warwicks. 
P. Warburton, 16 Vicarage Road, Chellaston, Derby. 
G. R. Wimpenny, 16 Tickhill Square, Denaby Main, Doncaster. 
A. J. Fraser, 51 Fintry Drive, Dundee. 
D. A. Bowman, The Scottish Council (Dev. and Ind.), 1 Castle Street, Edinburgh. 
W. H. Marley, North British Locomotive Co. Ltd., Springburn, Glasgow, N.1 
B. E. Gwynne Clarke, ‘“ Chez-Nous”’, Okus Road, Charlton Kings, Cheltenham. 
C. W. Overin, 353 Whitehall Road, Westfield, Wyke, near Bradford, Yorks. 
M. D. Blake, Davey, Paxman & Co. Ltd., Standard Ironworks, Colchester, Essex. 
J. Keightley, 42 Kingsley Avenue, Adel, Leeds, 1 
J. A. Stovin, 14 Queens Drive, Leicester Forest East, Leicester. 
H. Wright, 101 Longdales Road, Lincoln. 
H. Mason, 51 Stairhaven Road, Liverpool, 19. 
Fi oe. Palmer, Creed & Co. ‘Ltd., Telegraph House, Croydon, Surrey. 
J. F. W. Galyer, Engineering Department, Luton & South Bedfordshire College of Further 
Education, Park Square, Luton, Ledfordshire. 
J. P. Speakman, 223 Douglas Road, Atherton, near Manchester. 
L. R. Douglass, Gateshead Technical College, Durham Road, Gateshead, Co. Durham. 
G. Easterbrook, “ Hilleen”, 22 Ascot Park, Knock, Belfast. 
J. I. Hilder, 2a ‘Gorse Road, Thorpe, Norwich. 
K. Liquorish, 28 Mona Street, Beeston, Nottingham. 
> F, Watson, 30 Stanway Road, Headington, Oxford. 
Holmes, «"Arncliffe”, 11 Mary Armyn Road, Orton Longueville, Peterborough. 
W. H. Preston, 25 Clifton Avenue, Leyland, Lancashire. 
P. J. Smallbone, ‘“‘ Maryfield ”, Darlington Road, Basingstoke, Hants. 
W. G. Clements, 11 Charing Road, Gillingham, Kent. 
W. Edwards, c/o E. Pryor & Son Ltd., West End Works, Broom Street, Sheffield, 10. 
W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury. 
J. W. Taylor, High Mead, Kane’s Hill, Thornhill, Southampton. 
F, Hopkinson, ‘ * Woodley * 40 Highfield Road, Chelmsford, Essex. 
z he. 1 Longview Avenue, Alsager, Stoke-on-Trent. 
Clarke, 11 Alder Road, ‘Cimla, Neath, South Wales. 
W. j Bowe “Rosecroft”, Thirsk Road, Yarm-on- a Yorkshire. 
A. Eustace, 19 Ferndale Road, Northville, Bristol, 
W: F. Vaug han, “ Windsor”, 24 Windermere Road, ‘ies Cross, Tettenhall, Staffs. 
R. Whales, Old Farm House, 7 Parish Hill, Bournheath, near Bromsgrove, Worcestershire 





CORRESPONDING MEMBER IN MIDDLE EAST 
J. Merkine, 45 Arlozoroff Street, Ramat-Gan, Israel. 








CORRESPONDING MEMBER IN RANGOON 


J. T. Foster, Office of the Principal, a Marine Diesel Training Centre, 
Dalla Dockyard, Inland Water Transport Board, Phayre Street, Rangoon, Burma. 
















CORRESPONDING MEMBER IN WEST AFRICA 


H. P. Halfter, Gold Coast Railways & Harbour Admin., 
P.O. Box 202, Takoradi, Ghana, West Africa. 






















GRADUATE SECTION HONORARY SECRETARIES 


Birmingham ... = a J. R. Brownsword, 202 Buryfield Road, Solihull, Warwickshire. 
Coventry we oe E. R. S. Marrs, 15 Montrose Avenue, Lillington, Leamington Spa. 
Leeds ay “~ — B. Noble, 8 Springwell View, Birstall, near Leeds. 


Liverpool... on eee J. R. Jones, 9 Beaumaris Drive, Thingwall, Wirral. 

London i. “— _ B. W. Jenney, 58 Langdale Gardens, Perivale, Middlesex. 
Luton — — wes D. A. Slough, 41 Felix Avenue, Luton, Bedfordshire. 
Manchester ... eee eee R. Whitehead, 60 Travis Street, Hyde, Cheshire. 

Newcastle upon Tyne ove M. Dewhurst, 6 Gerrard Road, Whitley Bay, Northumberland. 
Rochester & District — D. M. Samson, 123 York Road, Maidstone, Kent. 


Sheffield eee =e —_ P. Brown, 21 Rowan Tree Dell, Totley, Sheffield. 
Western _— vom be R. E. Everhard, 25 Boverton Road, Filton, Bristol. 
Wolverhampton a ke I. R. Jones, “Shalimar”, Clive Road, Pattingham, Wolverhampton, Staffordshire. 





LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman : 
A. Roberts, 32 Duncan Road, Aylestone, Leicester. 





Honorary Secretary: 
B. G. Cousins, College of Technology, Loughborough, Leics. 


MATERIALS HANDLING GROUP 


Chairman : 
F. E. Rattlidge, Evered & Company Ltd., Smethwick, 40, Staffordshire. 


Secretary: 
I. B. King, Assistant Education and Technical Officer, 10 Chesterfield Street, London, W.1 


EDUCATION DISCUSSION GROUPS 


London Centre 





Chairman: 


C. C, Spanswick, 24 Mill Drive, Hove, 4, Sussex. 
Honorary Secretary: 
D. R. C. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
Midland Centre 


Chairman: 
W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick. 


Honorary Secretary: 
N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield. 
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VERTICAL 
DRILLING 


MACHINES 
(HEAVY-DUTY MODEL) 


Made in two sizes : 36” and 42’ ; 
18 speeds : 8-420 r.p.m., or 
15-790 r.p.m.; drills 34” from 
solid in mild steel. 

A fully detailed folder (list 47/2) 
of this model, and a folder 


entitled ‘Go to Town’ 





which describes the full range 
of Town machines, 
are available on request. 


Wide range of other models manufactured. 


Stand No. 57 at the Machine Tool Exhibition, Olympia, in June 


FRED‘ TOWN & SONS LTD } ‘Urey: roms 


Makers of high class Drilling Machines for 55 years = 
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YOUR GHOIGE 


the comprehensive ‘CINCINNATI range 


offers the choice of == general purpose 


MWEIL..LING MACHINES 


THROUGH 


AGENTS: Chas. Churchill & Co. Ltd., London, Birmingham, Manchester, Gateshead, Glasgow 





Leer 








3 AUTOMATE PRODUCTION 

3 ESTABLISH ACCURATE SIZE CONTROL 
2 INCREASE OUTPUT RATES 

2% IMPROVE PRODUCT FINISH 


3 ELIMINATE SCRAP 
a, 


) * 
ETAMIC 


pneumatic machine 
control equipment > | 5 


A high pressure, self cleansing system embodying the true pneumatic Wheatstone 
Bridge principle with no mechanical or electronic amplifying devices, no pressure gauges or 
regulators, OMT- ETAMIC equipment automatically controls machines through 


permanent contact with products. 


TWO SYSTEMS AVAILABLE 


(A) For visual size indication during machining processes. 


(B) For completely automatic control of component size and machine operating cycle. 


Moderately priced OMT-ETAMIC control systems are applicable to 
all types of grinding machines, lathes, transfer machines, 


cold rolling mills, extruding machines, etc. 


MANUFACTURED BY 
OPTICAL MEASURING TOOLS LTD MAIDENHEAD 


SALES ORGANISATION 


NEWALL GROUP SALES LIMITED 


PETERBOROUGH PHONE 3227 MAIDENHEAD 3704 


International Machine Tool Exhibition Stand 4] — 
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FOR SPUR, SPIRAL & DOUBLE 
HELICAL GEARS. 


SUNDERLAND 


GEAR PLANERS 


“a hh 4 f le —S 
‘ ~ — az E 


4 
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| The ‘Sunderland’ System Provides 


‘@ Extreme Simplicity and Mathematical Accuracy. 3 
@ Rapid output and Excellent Quality. 

@ Few Cutters and Great Range and Capacity. 

@ One Cutter Cuts any Number of Teeth of a Pitch. 
@ Low Initial Outlay on Cutters. 

'@ Low Cost of Maintenance. 











SHIPLEY 7/2 YORKSHIRE 


TELEPHONE % Soe 3 | 





P373-1B 
International Machine Tool Exhibition, London, 1960. 
<4 


Parkinson machines will be demonstrated on Stand 63, Grand Hall, Olympia, June 25 to July 8. 
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DESCRIPTION OF OPERATION 


Tool Position 





Hex. Turret | 


Cross-slide 


Spindle 
Speed 
R.P.M 


Surface 
Speed 


Fe. per Min. 


Feed 
Cuts 
per inch 





. Chuck on X (using Loading Attachment) 

. Rough Bore A & 2,%" dia. and Chamfer 

. Face (2 Cuts) - 

. Rough Bore 10” dia. Rough Knee Torn B 
and Rough Taper TurnC~ - 

. Contour Face D & E (Rough & Finish) - 

. Finish Bore 10° Finish Knee Turn B and 
Finish Taper Turn C and Chamfer od dia. 

. Chamfer Outside Dias. - 

. Finish Microbore 2;%" dia. 

. Remove (using Attachment) 





! 


—a| un] aw] 





Front | 


Rear 
Front 3 
Rear 
Front 2 





a73 


93/ 025 


125 
125 
= 





260 
278 


4 
242/325 





Hand 
64 
64 
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International Machine Tool Exhibition, London, 1960. 


Oi 


~¥ 
sore 


CAST IRON 
CASTING 
Brinell No. 220/228 


Floor-to-Floor 
Time: 
175 mins. each. 


Tungsten Carbide 


Cutting Tools 


No. 10 TURRET 
LATHE 


FITTED WITH 18mTUDOR 3-JAW CHUCK 


SELLY = OAK 
BIRMINGHAM 29 


TELEPHONE SELLY OAK 1//3/ 














STRAIGHT - SIDED 
SINGLE ACTION 
T.R. SERIES 
POWER PRESSES 
1,2, & 4 POINT 
SUSPENSION 


These many exclusive 
features that are essential 
for greater productivity 
are embodied in this range 
of Wilkins & Mitchell 
Power Presses — the 
presses that cut costs. 


HIGH TORQUE CLUTCH 


BUILT-IN DRIVE FOR 
AUTOMATION FUNCTIONS 


HEAVY DUTY DEEP 
GUIDED CUSHIONS 


FULL ECCENTRIC DRIVE 


DEEP BEAM ALL-STEEL 
SLIDE 


ALL STEEL, HEAVY 
SECTION FABRICATED 
CONSTRUCTION 


FULL-FLOW CIRCULATING 
LUBRICATION 


LKINS & MITCHELL 
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Crowthorn 18in. Centre Lathe on 15 ft. 3in. gap 
bed, admitting 8ft. Oin. between centres. Swing 
over bed 363 in. Swing in gap 57 in. x 21 in., hole 
through spindle 4jin. dia. 25 h.p. motor drive. 


oc, HEAVY DUTY 
LATHES 


CROWTHORN ENGINEERING 
COMPANY LIMITED 


* REDDISH *- STOCKPORT - ENGLAND 
Send for new fully 


illustre ale dl lite raliUre 
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HEAVY DUTY s 
ROLL TURNING LATHE | | 


Specially designed for turning chilled iron and steel rolls this lathe incorporates the 
most up-to-date features to ensure accurate production of work over a long period 
of service. 


The drive is by means of a Ward-Leonard Set with an 8 to 1 overall range. The 


headstock is a powerful all-geared type which, in conjunction with the 100 h.p. DC 
variable speed motor provides an overall speed range from j{ to 48 r.p.m. 


The slides are arranged to traverse past the tailstock so that for finishing cuts 
the left-hand saddle can be traversed the full length of the roll. The saddle and 
apron units have self-contained drives and thus the conventional feed box and 
shafting are eliminated. 


Maximum diameter admitted 42in. Maximum length of roll admitted 18 ft. 





INTERNATIONAL 
MACHINE TOOL 
EXHIBITION 1960 


Otympia-London June 26-July 8 
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GEORGE SWIFT & SONS LTD f 
HALIFAX - ENGLAND ” 
Member of the Asquith Machine Tool Corporation tra 


Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Too! Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafaigar 7224 & GLASGOW Phone: Centrai 0922 KIN 
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A 4" Spindle Horizontal Drilling, Boring 


and Milling Machine of progressive design 


This medium capacity machine is built to the 
recognised Asquith high standard of quality, 
accuracy and reliability. In addition to the fine 
hand adjustment and variable self-acting milling 
feeds, the slide is provided with quick power 


traverse up and down the column. The amount of 


vertical and horizontal traverse can be arranged 
to customers’ requirements. Write today for 
a catalogue describing the Asquith H.R.G. 


WILLIAM ASQUITH LTD 
HALIFAX - ENGLAND 


Member of the Asquith Machine 7 ool Corporation 


Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Too! Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Central 0922 


A316 
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The hydraulic press for high-output 


The illustration shows a 12 ton Hi-Ton hydraulic press equipped with the standard 
Hi-Ton electro mechanical indexing table which is arranged with eight indexing 
stations. The table rotation is controlled by the return stroke of the press and the 
whele unit can operate on a continuous automatic cycle. 


The Hi-Ton hydraulic press can be pre-set to operate at any required pressure 
from zero to maximum of the press — a feature which ensures maximum tool life 
and therefore still further gains in output. 





HYDRAULIC PRESSES 


Sole 
Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED _ 


Member of the Asquith Machine Tool Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone; Centra/ 0922 
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WN--WARD«575 


Single Spindle Automatic Bar Machine 
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| BRO 





Max. spindle capacity —}” or }” dia. 
24 cycle times — 2:5 to 164 secs. 
10 spindle speeds — 470 to 4,350 r.p.m. 


4 











3-position turret with two revolving and one 
fixed station for high-speed drilling, differential 
threading or over-running top withdrawal. 


This machine retains many well-known Brown & Ward 
features, but also incorporates several new innovations, 
including the two illustrated. Also equipped with built-in 
accelerator mechanism to reduce stock feeding time; a 
redesigned vertical slide with longitudinal and vertical 
micrometer adjustment. 


Independently controlled turret withdrawal 
cams, together with a unique arrangement for 
indexing, reduce turret idle time to a minimum. 





Sole Agents and Tooling Engineers :— 


ALFREL AD.393 


HERBERT LTD., COVENTRY — FACTORED DIVISION, RED LANE WORKS 
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| A 
Another aditijon to the \ (Aienge Of hhauction Heaters 






INDUCTION HEATING UNITS 


These 6 kW induction heaters have been designed for con- 
tinuous operation and incorporate the latest design techniques. 
The generators are of medium impedance output being 
suitable for general purpose heating applications such as 
annealing, brazing, hard and soft soldering, hardening and 
tempering. The availability of a high work coil kVA in 
association with multi-turn coils permit the heating of a 
wide range of ferrous and non-ferrous loads. 


The oscillator value may be either air cooled (Type 
R.F. 3/A) or water cooled (Type R.F. 3/W) depending upon 
customer requirements. With the R.F. 3/A water is used 
only for cooling the tank and work coils. In the case of the 
R.F. 3/W a common water supply is employed for cooling 
the oscillator valve, tank and work coils. 


Due to the simplicity of operation unskilled labour may be 
employed enabling production costs to be reduced. The 
controls, indicator lamps, anode current meter and process 
timer are conveniently grouped on the front panel. Compact 
design allows the equipments to occupy the minimum of 
floor space. The equipments in operation are extremely 
dependable as a result of advanced design and the use of 
components of proved reliability. 





PROCESS HEATING 














To Pye Ltd. Process Heating Division, 28 James Street, Cambridge 


FREE TECHNICAL ADVICE is offered on the applica- 
Please send me details of Pye Process Heating Equipment. 


tions of R.F. heating to Tempering, Brazing and Harden- 
ing processes etc. Our technical representatives are at NAME 
your service, or we will send you full details—please tick 











. in Nac aeni COMPANY 

t ; t t : ‘ 

appropriate box in coupon oii | — ‘OPeRar, 

; , TURN 
Please ask your Technical Representative Please send me | | 

pve oe agen Penaep een ni to telephone for an appointment full details CENTRE L 
SURFACIN 
BORING 














LATHES 


ier Abtutaly and cast of 
operation cn Small batch work 











OPERATABILITY ’ OF THE SRIOV LATHE ASSISTS WITTON-JAMES LTD. 
TO TURN THIS 7ft. 6in. SHAFT FOR A SPECIAL ELECTRIC MOTOR TO 19 DIFFERENT DIAMETERS. 


CENTRE LATHES FROM 17 in. (430 mm.) 
TO 42 in. (1065 mm.) SWING 


bs) 
BORING VLATNES OF 17 in. (430 mm.) DENHAM’S ENGINEERING CO. LTD. HALIFAX, ENGLAND 


AND 25 in. (635mm.) SWING 




























CONCENTRIC MANUFACTURING CO., LTD. 


TYBURN ROAD - BIRMINGHAM 24 
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‘High precision engineered 
components with an 
established reputation 
for quality... 

Minor items maybe... 
but of major importance 
to the efficiency of the 
modern motor vehicle. 


Water Pumps, Oil Pumps, 
Steering Idlers, 

Ciutch Plates, 

Gear Change 
Mechanisms, 

Bearing Boxes, 

Brake Drums, 

Push Rods, Ball Pins, 
Shackle Plates, 

Axle and Hub Assemblies, 
Thrust Plates and 
Assemblies, 

Machined Components 
of all kinds. 


/ 
j 
} 
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Telephone: EASt 2081-2-3-4-5 
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LAPOINTE 


broaching 


Vertical Internal 
Broaching Machine 
broaching Crown Wheels 
(bore 73”/9” diameter) 
fully automatic loading 


and unloading. 


Capacity : 5/50 tons. 
Broach lengths : 42/68 inches. 
Can be supplied for 
1, 2,3 or 4 stations. 





INTERNATIONAL 
. MACHINE TOOL 
D<Se3 EXHIBITION 1960 


Olympia-London June 25-July 8 














The Lapointe Machine Tool Co Ltd 
Otterspool Watford-by-Pass Watford Herts 

Telephone Watford 31711/2/3/4 Cables Lapointe Watford 

Also The Lapointe Machine Tool Company Hudson Mass. USA 
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Ris 


No. 5 Kearns Patent Machine machining an oil engine crankcase casting 
at the works of The Vulcan Foundry Limited. 


Vulcan Foundry 
prefer KEARNS 


horizontal surfacing and 
boring machines for precision 
in every capacity 


H. W. KEARNS & CO LIMITED sBroapHEATH near MANCHESTER 
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control engineering— 


The experience gained by this Company over many years of Control 
Engineering in almost every industry, together with considerable 
resources for research and development are available to you for the 


solution of your present and future control problems. 


‘ENGLISH ELECTRIC 


control gear 


See our exhibit on Stand E 215 


Instruments, Electronics and Automation Exhibition 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 
Control Gear Division, Kidsgrove, Stoke-on-Trent, Staffs. Tel: Kidsgrove 2141/3 


CGIA WORKS: STAFFORD : PRESTON " RUGBY : BRADFORD ° LivERPOOL ACCRINGTON 
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“That new Power Station 





deserves a 
John Smith Crane !” 


Special Service to Architects 
and Planning Surveyors 


Architects and Planning Engineers who are 
contemplating the incorporation of overhead cranes in 
new buildings or extensions are invited to write for our 
Table of Clearances, Weights, Wheel Loads, etc., for 
Standard E.0.T. Cranes. Advice on all lifting problems 
gladly supplied by our technical staff without obligation. 


dOHN SMITH (KEIGHLEY) LTD. P.0. BOX 21 THE CRANE WORKS KEIGHLEY YORKS 
Telephone: Keighley 5311 (4 lines) Telegrams: Cranes, Keighley 


London Office: Buckingham House, 19/21 Palace St, Westminster, London SW1. Southern Counties Office: Brettenham House, Lancaster Place, London WC2 
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TELESIG Screw Pumps are positive 
displacement pumps. Simply constructed, 

they offer exceptional performance and long life. 
TELESIG pumps effect delivery by means 

of three parallel screws engaging each other, 
the power-driven central screw driving 

the two side screws. They may be run at high 
speed thereby reducing motor sizes 

and installation costs. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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TELESIG Screw Pumps offer the following advantages: 


Self priming. 

Delivery free from pressure pulsation. 
High working speed — small size. 
Near-silent operation. 

Simple construction. 


Minimum maintenance and easy replacemen: 
of working parts. 


Long life. 


TELESIG Screw Pumps are made in three basic ranges: for low 
pressures up to 300 psi, for medium pressure up to 1000 psi and for 
high pressures up to 2,500 psi. 42 sizes are available covering a 
wide range of capacities. 


“aity. Screw Pumps by Telehoist 


TELESIG pumps and equipment are made by Telehoist under licence 
from the Swiss Industrial Company (SIG). 


Telehoist Limited. Cheltenham England. Telephone: Cheltenham 53254 


an associate company of Wilmot Breeden Ltd. 





The Production Engineer The 


DEDICATED to your SER VICE r 


eaee 4 pi 
ae ‘Bi sell | _ 


at SY “7 
1: 5 bi 


if 
* ® 
Bet - . 





problem presented is a problem solved—when placed before this organisation of 
technical specialists in metal cleaning and stripping. “S.A.C.” service 1s nation-wide 
—its representatives able to advise you on the spot—its recommendations backed by the most 
up-to-date laboratory and manufacturing facilities. “SA.C.” processes cover every phase of 


cleaning, serncing and protecting all metals during manufacture and maintenance. 


SUNBEAM ANTI-CORROSIVES LTD. 


CENTRAL WORKS + CENTRAL AVENUE +: WEST MOLESEY - SURREY 
Telephone: Molesey 4484 (5 lines) Diicidiiaieind Telegrams: Sunanticor, East Molesey 


STRIPALENE * FERROCLENE «+ ALOCLENE * FERROMEDE «+ BRAZOCLENE 
(Regd. Trade Marks) 


APPROVED BY ADMIRALTY, WAR OFFICE AND AIR MINISTRY 
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Wariable Speed NI 
from A..C. Mains N Ve 


w7 ith the New, 


Ewactional 
EZorsepower Drive 


Complete electronic rectifier Integrally mounted squirrel- 
and controller in one small cage motor and eddy-current 
unit, local or remote mounting. Variable Speed Coupling, with 
Size only 5 x 5 x 62° Double Shaft extension 


INFINITELY VARIABLE SPEED OVER A WIDE RANGE 
ACCURATE SPEED CONTROL BY TACHOMETER GENERATOR 
FEED-BACK SYSTEM. SIMPLE CONSTRUCTION. LOW MAINTENANCE 


HEENAW & FROUDE LTD. Engineers . Worcester 
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Rapid, high-quality photoprinting 


The Ilford AZOFLEX Model 221 
Combine printing and developing 
machine (formerly known as Model 
42/63 Mark II) employs safe, odour-free 
AZOFLEX chemicals—just one of the 
many special features that make it the 
ideal photoprinting machine for print 
room or drawing office. 


Capacity: rolls and cut sheets up to 42 in. wide. Printing speed: 
6 in. to 154 ft. per minute. Lamp: H.P.M.V. MA/U 2,000 watt. 
Dimensions: height 50in., width 67in., depth (tray extended) 52in. 
Weight: 850 lb. 

Subject to certain conditions, the majority of AZOFLEX photoprinting 
machines can be hired as an alternative to outright purchase. 


| ILFORD Beeeyacee 


PHOTOPRINTING MACHINES & MATERIALS 


Full details from 


ILFORD LIMITED, INDUSTRIAL SALES DEPARTMENT AZ17 AA 
ILFORD, ESSEX. TELEPHONE: ILFord 3000 








Exposing, developing and drying operations 
completely synchronized. 


All controls accessible from comfortable 
working position. 


High continuous output easily maintained by 
one operator. 


Excellent copies obtainable from old or faded 
originals. 


Comprehensive maintenance service available 
at nominal cost. 


and no unpleasant fumes 
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Yack Decker 


For years W. Flanagan & Son of Liverpool searched 
for a portable grinder capable of standing up to 
continuous heavy duty work in their sheet metal 
shop. 


Black & Decker provided the complete answer 
with their new Heavy Duty Angle Grinder. Here, 
at last, is ‘‘A grinder with guts” taking every 
heavy duty grinding operation in its stride. Long 
after former machines would have broken down 
Black & Decker Grinders are still on the job. 
Service costs are slashed to a minimum, needless 
production delays eliminated. 


eee eee eoeeeeeoeeeeoeoeoecece 


Flanagan’s say ‘All future orders for Angle 
Grinders, of which we are exceptionally large 
users, will be forwarded to you without 
hesitation’’. 


12 MONTHS 
FREE SERVICE FROM 
DATE OF PURCHASE 


evrree 
eeeeee 
eeeeee 


Black & Decker’s confidence in their new Angle 
Grinder is backed-up by this positive guarantee 
of quality and performance. No other electric tool 
manufacturer can match this unique offer. 


DEPRESSED CENTRE DISCS. Speed weld dressing— 
speed edge preparation for welding—speed grind- 
ing off flame cut edges. 


CUT OFF WHEELS. For removing casting risers— 
cutting off angle iron, bolts, steel rods, etc. 


e . oe 
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Attachments also available for wire brushing, sand- 
ing, planing. 


- POST NOW FOR FULL INFORMATION OR 14 DAYS FREE TRIAL 


f BLACK & DECKER LIMITED 


HARMONDSWORTH MIDDLESEX NAME 


i Please send more information on your Angle Grinders Bg 
; : voy es COMPANY 
] Please arrange a 14 days free trial without obligation 


(Tick where necessary) ADDRESS - 
IPE 3 
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Our combined lathe and 

milling machine was designed 
especially for the production of 
Diatipt chisels for the 

Diaform wheel forming attachment 
Optical centring is provided to 
ensure consistent accuracy 








L.M.VAN MOPPES & SONS (oumono roots) LTD 
BASINGSTOKE - HAMPSHIRE - ENGLAND 


TELEPHONE: BASINGSTOKE 1240 - TELEGRAMS: DIATIPT, BASINGSTOKE 
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Add carbides to tungsten carbide 
and what do you get 


TUNGSTEN 
CARBIDE 
CARBIDES 


ee ee ee i 


You get the NEW ‘ Allenite ’ Tungsten Carbide Tools and Tips; but the carbides must be special carbides of 


certain refractory metals, developed and processed in the new Edgar Allen Carbide Tool factory. 


These are incorporated by new techniques into carbide tools, where they impart new 
properties and performance, giving greater resistance to abrasion, increased hardness without 


loss of ductility and less liability to ‘ cratering’. 


In particular, the remarkable success of ‘ Plowrake’ Tools (for 
steel) and *‘ Plowcast ’ Tools (for cast iron) in the planing of 


interrupted surfaces is due to the outstanding performance of 


the additional carbides incorporated in these tools. meee. 


Thee NEW ‘Alnie’ cutie Tos wey = STAG ALLENITE 


available with quick deliveries — to learn 


more about the complete range please 6 A a B | D a TO O LS 


fill in the request form. 


| dgar Allen ¢ Co.Limited | Agemecccuseanneiea 


Write for forthcoming edition of the ‘Steel 


IMPERIAL STEEL WORKS - SHEFFIELD - 9 vend 
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TOGGLE 


ACTION =a | 
failtt 








BENCH PRESS oC 


ft wide FRICTION BRAKE / 


i TOGGLE ACTION Y= 


1 Three hollow rivets 
and single ball end 
rivet fastened. 

Single Operation. 


4 Hollow rivets on 


saddle fastened. 
Single Operation. 


Capacity 


2 Wheel stabbed to 
form keys. 
Single Operation. 


5 Forming on Strap- 
holders. 


3 Crop form after 
Auto turning. Pierce 
holes and form 
Location Studs. Pierce 
centre hole. Pierce 
two smaller holes and 
crop form at small 
end. 


H.3 
1 ton 


Throat to centre of Ram ... sal on ie ae 
Maximum daylight ... oe cd _ a 53” 


Stroke ... ase ai is pi iit ie © o;" 





INTERNATIONAL 
sm MACHINE TOOL 
me 
Sy EXHIBITION 1960 


Olympia London June 26-July 8 
STAND Ne. 306 
GRAND HALL GALLERY 


Machines are now available from 





all recognised Machine Tool Merchants 








Smart & Brown (machine tools) Ltd. 


25 MANCHESTER SQUARE - LONDON : W.1I 
Telephone: WELbeck 7941-6 Cables: Smartool, Wesdo, London, 
MAKERS OF PULTRA MICRO LATHES AND GRINDING MACHINES 
Member of the GAS PURIFICATION AND CHEMICAL GROUP OF COMPANIES 
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Atomic Hydrogen Arc 


\ 
ay 








welding 
What is your need? 
Choose from 
id alm -> 40-1al-Jh-Ma- ale l-meels 
ye 
A-a eR Rake Mum re LeRR odaal sane 
/ | 


rae | 
D.C. Rectifier Arc 


y f 


ae 4 
ro / 
Yi ee ri 
4 £ Inert Gas Arc 


a 


Behind the range of AEI electric welding 
equipment is the research and experience of a vast 


ri engineering organisation making extensive use of this 


J equipment in its own factories. 
You have the benefit of all this when you buy welding 
equipment from AEI. For further particulars write to your 
local AEI office, or direct to— 
Submerged Arc 
P TRANSFORMER DIVISION 
‘oes a: Associated Electrical industries Limited 
i HEATING & WELDING DEPARTMENT 

Trattord Park - - - Manchester 17 
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SPARK 


MACHINED 
from the 


SOLID 








(Above) An intricate electrode oe ” ST | 

(Mazak) and finished workpiece (high carbon steel). 
(Top Right) the machine and power unit. 

Note the extra-large worktank. 

(Right) new filtering system 

to ensure clean dielectric. 


The latest IDP S PARCATRON 


IMPREGNATED DIAMOND PRODUCTS LTD - OF GLOUCESTER - ENGLAND 


Sole Agents for the United Kingdom - BURTON GRIFFITHS & CO. LTD - KITTS GREEN - BIRMINGHAM 33 





CUT HERE 
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CUT HERE 


Electrical Aids in Industry 


Dielectric Heating - 2 


The ability of dielectric heating to generate heat 
through the mass of a suitable material provides 
the following considerable advantages over other 
heating methods. 

1 A body of uniform section and composition is 
raised in temperature uniformly throughout. Hence 
there is no waiting for heat to be transferred from an 
external heat source to the surface of the body and 
thence to its interior, and this is of particular ad- 
vantage when the body is thick, and, as is often the 
case with dielectric materials, has poor heat- 
conducting properties. 

2 The rate of heating of such bodies is, therefore, 
much faster than by external heating methods. 

3 Since there is no external heat source, overheating 
or burning of the surface of a heat-sensitive material 
is avoided. 

4 High thermal efficiency is achieved. 

5 The amount of heat generated in the work is 
usually predictable and power input and heating 
time can be under positive control. 

6 Production can start immediately after switching 
on and no current is used, nor heat lost, during 
periods of shut-down. 

7 Vastly increased productivity is obtainable with 
less labour (usually unskilled), and fewer machines 
and less floor space are required. 

8 Flexibility of layout makes it possible to plan the 
factory to best advantage, as dielectric heating 
equipment can usually be inserted directly into 
the production line. 


Dielectric heating: typical application data 
Typical application | 
Thermoplastic 


welding. 
Plastic pre-heating, 2-30 kW 
wael glueing. 

Plywood manufacture. 2-10 Mc.p.s. Above 30 kW 
Note: 1 Mc.p.s. = 1,000,000 cycles per second. 
A few of the industrial applications of dielectric 

heating are briefly described below. 


Frequency 
20-100 Mc.p.s. 





Up to1 kW 


10-40 Mc.p.s. 


Preheating Thermosetting Plastics 

Dielectric heating is the ideal way of preheating 
moulding powder pellets used in the production of 
thermosetting plastic mouldings, since these ma- 
terials are generally poor heat conductors. Properly 
applied, dielectric preheating promotes faster curing 
and hence a shorter moulding time, often increasing 
production ten to fifteen 
times. There is a marked 
reduction in tool wear, and 
thicker sections can be 

moulded, as the material is 

plastic when placed in the 

mould. There is less | 
damage to, and movement = 

of, metal inserts. 


Welding of Thermoplastic Materials 

An important and extensive application of dielectric 
heating in the plastic industry is the welding of 
thermoplastic sheets in the fabrication of such 
commonly used articles as raincoats, hoods, hand- 
bags, pouches and packaging materials. Dielectric 
heating is the only method which can usefully be 
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Data Shezt No. 11 


employed since the heating electrodes, and hence the 
outside sheet surfaces remain cool while the inside 
surfaces forming the joint are fused, and a perfect 
weld results. 

Two or more thermo- 
plastic sheets are welded 
under pressure from elec- - 
trodes suitably shaped to 
the area of weld required, 
the current being switched iy 
on at the same time as pressure is applied, and off as 
soon as the weld is completed and the pressure 
released. Stitching is thus eliminated and a far 
stronger joint achieved. 


ome 


SSS eee 
+ = 








In most cases, component pieces are first cut from 
patterns and preliminary welding carried out to 
attach any fastening tabs and the like. The pieces are 
then brought together in a suitable loading frame 
and the main welding carried out to produce the 
complete article. In some cases, a suitably profiled 
electrode can be fitted with a knife edge to cut the 
sheets immediately outside the weld line, welding 
and pattern cutting being thereby carried out in the 
one operation. Dielectric welding can be applied 
also to very large thermoplastic products such as 
linings for swimming pools, and cinema screens. 


Drying 

Drying of materials by dielectric heating has the 
great advantage that the material tends to dry out 
from the centre, the reverse of what happens when 
external heating methods are employed, and the risk 
of overdrying and overheating of the surface is 
eliminated. In general } to I unit of electricity is 
required to drive off 1 lb. of moisture, depenaing 
upon the thermal properties of the material being 
dried. While the removal of large amounts of water 
from inexpensive commodities may sometimes be 
uneconomical, dielectric heating in the production 
line often leads to a higher overall production 
efficiency. It is valuable for removing final moisture 
traces and becomes increasingly economical as the 
value or heat-sensitivity of the commodity increases. 


Rubber 

External heating tends to dry and cure the surfaces 
of a thick latex mass before its centre, but dielectric 
heating properly applied promotes uniform con- 
ditions throughout. 

Loaded rubber may not heat uniformly in a di- 
electric field due to uneven dispersion of its load, 
but nevertheless rubber preforms loaded up to 
about 15% are preheated dielectrically to reduce 
moulding times appreciably, the temperature 
evening out in the mould to give uniform curing. 


Further examples are given in Data Sheet No. 12. 


For further information get in touch with your 
Electricity Board or write direct to the Electrical | 
Development Association, 2 Savoy Hill, London, | 
W.C.2. Telephone: TEMple Bar 9434. | 

Excellent reference books on electricity and 
productivity (8/6 each, or 9/- post free) are | 
available — “‘ Induction and Dielectric Heating” | 
is an example. 

E.D.A. also have available on free loan in the | 
United Kingdom a series of films on the industrial | 
uses of electricity. Ask for a catalogue. 

on | 
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ride Raf onws whiif 
you ext cov wen CROSLAND 


BLANK AND PIERCE DIES 


* They’re up to 88% cheaper than orthodox %* They have super-hard steel cutting edges set 
tools in densified laminated material of high 


* They save up to 96% bench time compared pineiasiien 
with hand methods for short to medium % They blank and pierce in one operation 
non-repetitive runs : 

* They give clean, even results 


* They’re suitable for steel, non-ferrous and 
non-metallic materials * They’re cheap to maintain and modify 


These are facts-Povethem > yourFott! 





























New STOKER’S MANUAL... 


on sale NOW— Price 2’6éda 








THE Stoker’s Manual published in 1945 has helped 
thousands of stokers to do an important and 
skilled job, but technical and other developments 
in recent years have made a complete revision 
necessary 


The New Stoker’s Manual includes the latest in- 
formation on:—- 
* The Clean Air Act and prevention of 
dark smoke. 
* The mechanical firing of Shell Boilers 
with coal. 
* Oil firing. 
* Central Heating Boilers. 
Every stoker and anyone responsible for the 
control of a boiler plant should obtain this handy 
pocket reference book. 

















Write for your copy now to :— 


¥-i-P-E-S a LA 
National Industrial Fuel Efficiency Service 
Head Office: 71 GROSVENOR STREET LONDON W1 :: Telephone: Hyde Park 9706 


| | 
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at INTERNATIONAL 
HARVESTERS LTD 


Cylinder head production is maintained at peak efficiency thanks to these PRECIMAX 
FB | /3 Fine Boring Machines which perform the operations shown on the left. In the 
upper picture valve guides are fine bored and valve seats generated with automatic 
compensation for the difference between exhaust and inlet seat diameters. The lower 
picture shows the fine boring, counterboring and chamfering of injector bores. 

A growing number of engine manufacturers are finding that for accuracy, versatility 
and production efficiency in fine boring, the PRECIMAX automatic cycle 
machines are indispensable. 


LANDIS LUND LTD * GROSS HILLS * KEIGHLEY * YORKS gp INTERNATIONAL 
MACHINE TOOL 


TELEPHONE: GROSS HILLS 3211 ASS pcusion 1960 


Olympia-London June 25-July 8 


STAND No 7 
GRAND HALL 





The Production Engineer 


LARGE CAPACITY 


PLANO-MILLER 


at considerably less cost! 


In many shops there is a demand for a plano-miller of 
the capacity of the new Wadkin W.T.4. But previously, 
the high initial cost has deterred many would-be users. 
Here then is an opportunity to have the advantages and 
amazing production economies of plano-milling at a price 
all can afford. 

The Wadkin W.T.4 has been specially designed for 
machining surfaces up to 8’ long X 4’ 10” wide to close 
limits of accuracy, and has a maximum distance of 40” 
between spindle nose and table. Spindle 
speeds range from 50 to 500 r.p.m. in six 
steps. Milling head and table traverse 
speeds range from 0 to 24” per minute 
infinitely variable, and 60” per minute 
fast traverse. This machine is also avail- (= 
able with additional heads. 

INTERNATIONAL 


Wadkin Plano-Milling Machine, Type e MACHINE TOOL 
W.T.4. face-milling the iron base of 

an Avery weighing machine at AVVETe le) } EXHIBITION 1960 
W. & T. Avery Ltd., Birmingham 40. June 25-July 8 


Olympia-London 





Wadkin Ltd., Green Lane Works, Leicester. Telephone: 68151. London Office : 62-64 Brook Street, W.1. Telephone: MAY fair 7048 


MULTIPLE DRILL HEADS 


IN = 
ABL 
on ADJUST 
CENTRE DISTANCES 


Hey Multiple Spindle Drill Heads convert 
Standard Drilling and Boring Machines to High 
Production Machines permitting drilling of all 
holes in a component simultaneously, with 
production rates equal to those obtainable on 
expensive special purpose machines. 

Compact design reduces to a minimum, distance 
from drill head to machine spindle, whilst careful 
selection of material ensures an extremely efficient 
light weight head. 

Heads are available with any number of spindles, 
covering a wide range of sizes 
MAXIMUM PRODUCTION ON DRILLING, REAMING, 
TAPPING AND SPOT 
FACING OPERATIONS 








We also manufacture Rotary 
Cam and Profile Milling 


ENGINEERING CO. LTD. jeppreipepsnehlatesnnens. 
TAL MICE cas racing and Concring 
, Machines, Special Machine 

Tools for High Production. 
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Ginut: herd: vale in the Wer 
THE NEW IMPROVED @ 
(Y 


MY-TE-MIN 4: 
\ 


ELECTRIC CHAIN PULLEY BLOCK 


and itt made in Britain! 


DETACHABLE LOAD SPROCKETS: No 
maintenance problems with this pat- 
ented quick-change feature. 
AUTOMATIC CHAIN GUARDS: Gives 
complete safety and protection against 
mishandling. 

ELECTRO MAGNETIC DISC BRAKES: 
Outstanding reliability combined with 
simple “one nut" adjustment. 
GREASE LUBRICATED GEAR BOX: Mini- 
mum attention required and complete 
elimination of oil leaks. 


UNIFIED THREADS: For International 
standardization. 


““SNIP-SNAP” MAINS PUSH BUTTON 
CONTROL: New type mains reversing 
switch, fully sealed and insulated. 
FULLY FLEXIBLE LOAD CHAIN: Un- 
restricted flexibility gives maximum 
safety and allows use of “ built-in" 
trolleys. High tensile or alloy steel 
available. 

IMPROVED HEADROOM: Substantial 
reduction in headroom on all models. 
LIGHT WEIGHT: Reduced weight and 
size for better mobility. 


A COMPLETE RANGE TO SUIT ALL NEEDS 


CAPACITIES $ 
4 ton 30 ft. 

+ ton 30 ft. 

1 ton 15 ft. 

14 ton 10 ft. 


PEEDS PRICES * 
per minute £65. 0. 0. 
per minute £69. 0. 0. 
per minute £80. 0. 0. 
per minute £92. 0. 0. 


Prices for all My-te-Min Mark Il models include new-type pendant mains 
reversing “Snip-Snap" push button contro! and Slack Chain Collecting Box. 





REGISTERED TRADE MARK 


Our representative willcallon you anywhere in the world 


Write for illustrated Booklet: 


GEO. W. KING LTD. 


ARGYLE WORKS (25//PE), STEVENAGE, HERTS. 


/ 
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CONTINUOUS ROD «+ BAR - TUBE MARKING 


Introducing 


the 


E,P.37 


The latest addition to the Pryor range of marking 
machines. Will handle tube at speeds up to six 
hundred feet a minute. Write for further details. 


BeewARD PRYOR & SON LIMITED 














WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 


Whatever it is you need—large or small capacity TOP 

‘ Ch 
—high or low pressure—we can supply the best Nima 
machine for the purpose, and our fifty years wide 
this m 


of specialised experience are at your service. 


resist 


REAVELL & Co. Ltd. aN 


from | 

IPSWICH ance 

at ve 

indust 

Telegrams: Reavell, Ipswich Telephone No.: 56124 proble 











a 
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TOP 


Charging a carburizing box made from wrought 
Nimonic 75 alloy. In the ‘pack carburizing’ of a 
wide variety of gears, David Brown Industries use 
this material increasingly for its ease of fabrication, 
resistance to heat and superior ‘life’. 


INSET 


A Nimonic 75 carburizing box being withdrawn 
from a furnace. The alloy gives exceptional resist- 
ance to oxidation and useful mechanical strength 
at very high temperatures. It is widely used in 
industry for countless other high-temperature 
problems. 


*Trade Mark 


\ For 100 times the ‘life’ 
\ _in carburizing boxes 


_Nimonic’75 


David Brown Industries Limited have found that carburizing boxes 
of Nimonic 75 heat-resisting alloy outlast mild steel no less than 
100 times. The boxes are still in good condition after 8,000 hours of 
service without repair. Carburizing temperatures range from 900 
to915°C, and treatment time is approximately 18 hours. This nickel- 
chromium-alloy has also far outlasted all other materials used. 

Nimonic 75 is easily shaped and welded. Because of its strength 
at elevated temperatures, thinner sections can be used, permitting 
greater loads, less furnace time, easier handling and a longe 
service life. 











-~SEND THIS COUPON 
i 


for a specimen copy of ‘WIGGIN NICKEL ALLOYS’ [ S¥igmlal NCE ALWYS 





1 
1 
1 =NAME 





APPOINTMENT OR DEPT 





COMPANY AND ADDRESS 





PE/H15/5 











ites WIGGIN & COMPANY LIMITED: WIGGIN STREET: BIRMINGHAM 16 
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for more 
accuracy 
-more easily 


ITI 

















Two of the “Eclipse” -range of 
Magnetic Tools designed to speed 
production. 


M A GN ETIC B ASE Magnetic Vee Blocks are supplied 


singly or as matched pairs. 


MAGNETIC VEE Magnetic Bases in two sizes, with 


complete set of fitments. Packed in 


B L 0 C K polished wooden boxes. 


Good value for more accuracy. 


Literature, demonstration and supplies from your usual ‘Eclipse’ Magnetic Tool distributor 
Made in Sheffield by James Neill & Co. (Sheffield) Led. 


PM 158 





THE 


BAKER 
STERIMAG 


A Stereoscopic Magnifier 


of use in every Workshop and Laboratory 


Three-dimensional Stereoscopic Vision * X10 
or X20 Magnification * Long Working Dis- 
tance * Wide Field of View ~* Built in 


spotlamp ° Price from £30 


C.BAKER INSTRUMENTS LIMITED 


Write for leaflet 
Metron Works, Purley Way, Croydon, Surrey. Tel.Cro 3845-678 














NEWION CHAMBERS 


cast in all grades of 


MEEHANITE 


from a few pounds 


to 20 tons 


PEE Eee 





Whether you require one casting or thousands, up to 20 
tons each or as little as a few pounds each, for any service 
in any grade of Meehanite, we can meet your needs. Our 
foundry facilities are extensive, and include machine 
moulding, shell moulding, loom moulding and floor mould- 
ing, and with our 160 years’ experience of serving every 
major industry, we are able to offer an exceptionally skilled 
and comprehensive service. 

All enquiries will receive immediate attention 


Chambers 

















NEWTON CHAMBERS - ENGINEERING DIVISION 
THORNCLIFFE - SHEFFIELD 


ENGINEERS OF 
PROGRESS 
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measure in micro-inches 
without physical contact! 


This Electronic Micrometer measures with high accuracy* any distance 
from 100 to 45,000 micro-inches. This is achieved using one of a set 
of non-contacting probes—the instrument, in fact, measures the capaci- 
tance formed between the probe and the specimen, which is in direct 
relation to the distance separating them. The meter indicates balance 
or deviation from a standard set with the micrometer gauge. Facilities 
are provided for recording and remote or larger scale meter indication. 
A metric version is available. 


* Better than +1% on flat surfaces. 


Applications 


The Electronic Micrometer will measure:— 

PIECE PARTS Automatically - TOOL WEAR * STRAIN - METAL CREEP 
PRECISION GRINDING + DEPTH OF ETCH » TEMPERATURE COEFFICIENTS 
and can be applied in metallurgy and crystallography. 


| 














Information Service Leaflet EB721 describes fully the 


WAYNE KERR 


Electronic Micrometer B721 


The Wayne Kerr Laboratories Limited, 
Sales and Service, 44 Coombe Road, New Malden, Surrey 
Telephone : MALden 2202 


Pwxio 








Speed-up of the preparation of documents, elimination of 
checking and labour in repetitive typing, means Banda control 
in the office—that's the way to keep pace with modern produc- 
tion methods in the factory. Full copy, part copy, line by line 
selection, unit cards, requisitions, extracts, all on one machine— 
that’s what selective reproduction means on the Banda range 
of systems machines. 

From a single typing one girl, operating a Banda systems mac- 
hine, can produce all necessary documents or cards relating to 
Order Invoicing Routine, Production Control, Purchase Order 
Routine, Material Control, Sales Analysis, Despatch and other 
specialized applications. 

With Banda-contro! you enter a new era of office efficiency. 


Tancla Control 


|=] Role) aa, ie). +70), 


Head Office: Banda House, Cambridge Grove, Hammersmith, Londen, W.6. 
Tel: Riverside 4121 (20 lines) 


STAND No. 75 
BIRMINGHAM B.E.E. MAY 16-21! 


~ BUSINESS 


AUTOMATION 
—at its best ! 


- 







LIMITED 


Please send me details of the foliow- 
ing Business Automation Equipment 
Systems Machines 


: Visual Control Charts 
| Photocopying Equipment 

Calculators 

Standard and Portable Typewriters 
Adding Machines Address 
Mail-Room Equipment ( 
Microfilm Copiers 

Banda Supplies 


Name 
Modern Duplicating Methor's 
Pos:tion 


Firm 














EIS 
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PERMANENT 
FIXTURES 








The checking fixture illustrated is used by The de Havilland Aircraft Co. Ltd. for the wheel-well 
aperture of the Comet 4. It consists of glass cloth laminated tubes bonded with 
Araldite to provide a fixture of excellent dimensional stability, highly resistant to wear and unaffected by 
changes of temperature and humidity, or chemical action. Such tools are light in weight and 
easy to handle, cheap to make and simple to modify if required. Tools now being made in 
Araldite include checking fixtures, reference jigs, drill jigs, assembly fixtures, duplicate models, Keller 
patterns, die aids, master models, negative patterns and interchangeability jigs. 





2 Araldite epoxy resins are used 
Ar ql d If e @ for casting high grade solid insulation 
@ for impregnating, potting and sealing electrical 
windings and components 
Araldite is a registered trade name 
for producing glass fibre laminates 
for producing patterns, models, jigs and tools 


as fillers for sheet metal work 


as protective coatings for metals, wood and 
ceramic surfaces 


epoxy resins 





@ for bonding metals, ceramics etc. 


Our spublication ‘Araldite Resins for,Tooling’ Manual L.T, will be sent gladly on request. 
CIBA (A.R.L.) LIMITED Duxford, Cambridge. Telephone: Sawston 2121 


e—— — — — — —- — — —' 





AP/469 





Choose 


the right 
cutting fluid 
here 


The right cutting fluid on the right job makes all the differ- 
ence to production figures. Fletcher Miller technical repre- 
sentatives are always ready to advise on the correct choice 
of cutting fluids and their advice is backed by the research 
and resources of a highly specialist organisation. Publica- 
tion SP 173 “Cutting Fluids” contains much useful infor- 
mation on this important subject and is free on request. 


S; 
FLETCHER MILLER 


FLETCHER MILLER LTD., 
ALMA MILLS, HYDE, CHESHIRE 


CEERI SRN R 
CF 133 
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OPTICAL 
PROJECTORS 


Various types for 
Standards Room, 
Inspection Depart- 
ment, Toolroom, 
Tool Stores and 
Machine Shops for 
checking _ intricate 
forms and dimen- 
sions on tools and 
workpieces, one off, 
small runs, and 
mass __ production. 
Highest quality con- 
struction, optically 
and = mechanically. 


No. 600 PROJECTOR. 
A Reflex Projector with 
unique features. Magni- 
fications up to X100. 
Profile and — surface 
projection. Correct helix 
adjustment for screw 
threads. Rotatable 
screen. Highly accurate 
measuring stage. Oper- 
ator may sit or stand. 
Large selection of 
charts for radii, angles, 
squares, thread forms. 
etc. Requires no dark 
room and little space. 


No. 100 PROJECTOR. The highly successful h 
low-priced portable projector. Magnifications 
up to X100. Requires little space. 


No. 200 PROJECTOR. The most popular 
general purpose projector. Magnifications 
up to X100. Fields up to 2 in. diameter. 
Helix adjustment for screw threads. Large 
work capacity. Remote focussing. 


No. 300, 400 and 
500 PROJECTORS. 
Larger versions of 
the No. 200 with 
fields up to 6in. 
diameter. Remote 
focussing. 


J. E. BATY & CO. LTD. Burgess Hill, Sussex 


Telephone Burgess Hill 8562! 


London Office 39 Victoria Street, S.W.| 
Telephone Abbey 7382 
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for perfection in diamond wheels 


MANUFACTURED BY IMPREGNATED DIAMOND PRODUCTS LTD - GLOUCESTER 


DISTRIBUTED BY UNIVERSAL GRINDING WHEEL COMPANY LIMITED - STAFFORD 
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First-class SERVICE 
and long EXPERIENCE 


By using Welded Components you save the 

costs of patterns for castings. By using 
Russell Welded Components you gain also 

the benefits of long experience, plus the know- 
ledge of specialised craftsmen who are backed 

by a staff qualified to modify designs of 
castings to suit welding techniques. 

Here, in fact, is a complete service, with 
prompt and expert attention to every enquiry— 

and right through to each completed job. 
Our normal range is for work up to 5 tons. 


We shall be pleased to receive your enquiries. 


S. RUSSELL & SONS LTD 


STRUCTURAL ENGINEERING DIVISION FIRST FOR WELDED COMPONENTS 


Bonchurch Street, Leicester. Telephone: Leicester 59488 








... tts all one - to the 


Speetog PUSH PULL CLAMP 


REGO. TRADE MARK! 


Patent } . 
749369 N 
¢ Closed position for “push” 


ie “7 both “ push’’ clamping clamping. Neat and compact. 
' and “pull” clamping 


This is the first Clamp 
designed to carry out 





without adjustments or 
re-fitting to the clamp 
itself. No nuts, bolts 
or split pins to remove | 
for this dual-purpose 


clamping 


Se ced Tools “it pecilanet oie" eden, 


VEREKER HOUSE , GRESSE ST., LONDON W.1. Museum 1039/1099. 














A Whole Life Policy 


David Brown, in selling you a batch of Precision Hobs, or even a 
“one-off,” are not intent on just getting off the order book and on 
to an invoice. They are concerned that their products should give of 
their best throughout their whole life. 

To ensure that this happens David Brown maintain the most 
comprehensive heat treatment, batch and individual inspection procedures — 
each stage the sole responsibility of a craftsman. 

Remember—when you order from David Brown you are calling on 
nearly a century’s accumulated experience. Remember— David 
Brown for Precision Hobs. 


DAVID BROWN 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


TOOL DIVISION - PARK WORKS - HUDDERSFIELD * TEL. HUDDERSFIELD 3500 








PAYING 
FOR 
facilities TIME 


for Time, directly or indirectly, is 
cost. If records of occupied 


HEAT TREATMENT time are not accurately kept, 


the firm concerned may well 
be paying for time it does not 








The ENV heat treatment plant get. The systematic analysis of working time is a first 
is one of the most modern and step to increased production and lower costs. 
comprehensively equipped in The GLEDHILL-BROOK Time Recorder controls the 
the London area. - : . ae 

Facilities include full metal- use of time; it provides an indisputable record of 
lurgical control, quenching attendance, time on a job, overtime and other figures 
press equipment and electric- . . . 
ally controlled flame hardening essential to accurate costing and the economic 
machine. employment of labour. 


Enquiries for heat treatment 
of production quantities are 


et GLEDHILL-BROOK 


E.N.V. ENGINEERING CO. LTD 


HYTHE ROAD, WILLESDEN, N.W.10 Write for full details and illustrated leaflet to :- 


TELEPHONE: LADbroke 3622 GLEDHILL-BROOK TIME RECORDERS LTD., 
20 EMPIRE WORKS, HUDDERSFIELD. 
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Will secure clean conditions in Reactor Vessels, 
Heat Exchangers, Pipes and Ducting. 


a yy 
v/ 7 








This mobile, dust-free 
shot blast machine is being 
used with outstanding success 
for in-situ cleaning of nuclear power plant 
installations. Heat exchangers, Reactor-vessels, Boiler elements 
and ducting, all require the super cleaning for which Vacu-blast 
is perfectly suited. Vacu-Blaxt equipment is equally well suited 
to on-site construction work or pre-fabrication in the workshop. 


3 PAE/B 
Demonstrations can be arranged on request. 


VACU-BLAST LIMITED, WELLCROFT ROAD, SLOUGH, BUCKS., ENGLAND Telephone : Slough 24507 -8 - 9 
VACU-BLAST (AUSTRALIA) PTY. LTD., AIRPORT WEST, VICTORIA, AUSTHAWJA 
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A GENERAL PURPOSED TOS" BY l-1g 1 
MACHINE OF Gas < MV Tint)! 





Controls arranged for 


efficient operation. 


* Wheel Spindle adjustments 


give maximum flexibility of 





set-up. 


* Motor-driven headstock 
has angular adjustment 


* Universal Head facilitates 
cutter sharpening. 


* Wide range of additional 
attachments. 


Above shows No. 13 Grinder complete with Exhaust attachment, an optional extra. 


HIGH OPERATING EFFICIENCY GIVES MAXIMUM OUTPUT 


; Controls on the No. 13 are simple in design, conveniently located and easily manipulated. Six rates of power table travel 

are provided — readily changed from the front of the machine. A convenient start-stop lever controls headstock spindle and 
power table movement —or headstock only. The face plate can be made “free” instantly for truing up work and the four 
work speeds cover a wide variety of work diameters. 


Three grinding wheel speeds, changed without removing the wheels from either end of spindle, provide excellent conditions for 
the standard wheels and also for extremely small wheels used in tool grinding. 


For full details of this machine write to Sole Agents in the United Kingdom 


BUCK & HICKMAN LIMITED 


OTTERSPOOL WAY, WATFORD-BY-PASS, HERTS. Head Office: P.O. Box No. 74, Whitechapel Road, London, E.1 
BRANCHES: ALPERTON - BIRMINGHAM : BRISTOL - GLASGOW - LEEDS - MANCHESTER 


A FEW OF THE MANY ATTACHMENTS AVAILABLE WITH THIS MACHINE 





Circular Form tool A typical form tool Hob Grinding Radius Grinding Magnetic Chuck mounted on 
grinding equipment grinding job. Attachment. Attachment Surface Grinding Attachment. 











A96 



















For factory or warehouse. Huge mobile testing 
equipment, massive trolleys, the lightest storage 
bin—all are gliding easily from place to place, 
moved with a minimum of effort. Industry is 
flowing smoothly, freely, efficiently —thanks 

- to FLEXELLO, the largest manufacturer 
of castors in Europe. Made to the most 
rigid standards, to support weights 
from a few pounds to twenty tons, 
there’s a FLEXELLO castor from 
our vast range 
to cater for all 
requirements. 


This castor was specially designed 
and produced for aluminium production and 
has a load capacity of from 10 to 12 tons. 


For further particulars write for catalogue PR 
FLEXELLO CASTORS & WHEELS LTD. SLOUGH, BUCKS. TEL: SLOUGH 24121 
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MASSIVE OR MIDDLEWEIGHT 
... everything flows freely on 





constant 
quality castors 


‘44’ SERIES CASTORS: 
A special series of 
Double Ball Bearing 
heavy medium duty 
castors, specially 
manufactured for 
export which have 
now become 
available for 

the home market. 




















MECHANICAL HANDLING 
EXHIBITION 


EARLS COURT MAY 3-13 


STAND GG16 (Balcony) 















































be your 
machine 





Made entirely from non- 
corrodible materials. 





Complete facilities plus 


If you demand air-cylinders 
which are... 






Designed to include extra-stiff piston rods when 

precision & service second to none 2 — 

$e: - ™ “eg Fitted with{replaceable bronze rod bearings, pro- 
@ Capstan and centre lathe work shaping, honing, tected by external wiper seals. 
@ Milling—all types pin — poate eodhioned or nonouthioned bon . yt \ 

2 ry . . re, in Wierent mountings an stro 
> ye nag grinding éjaenener I2fect. then you will went to fit. . » 
@ Centreless grinding Prange . ; 
@ Co turning 6 elephone: 
PY Approved 32501-2 ' 

MARSDEN & SHIERS LTD. PILOT VALVES, 











Davis Road, Chessington, Surrey. Phone: Eimbridge 5333 (3 lines) 


PNEUMATIC LTD 


NEW CROSS - WOLVERHAMPTON 





CONTROL VALVES 
and FITTINGS 














Write forjcomprehensive catalogue’ giving full details 
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HIGH PRODUCTION 
DRILLING MACHINES 


Single or Multi- Head Machines |, 2, 3, 4 or 6 Spindles 
TYPE V20 















A simple, economic and efficient drilling machine for capacities up to 
| in. diameter in mild steel and when required with reverse to spindle, for 
tapping up to 5/8 in. diameter in mild steel. A 1 h.p. motor gives 9 spindle 
speeds through sliding gears. The V20 machine is available with sensitive 
hand feed only or with 4 rates of power feed and sensitive feed. Automatic 
trip for depth control is fitted to all machines with power feed. 

Reverse to spindle for tapping is offered in two forms:- 

1. Hand-operated electric reversing switch. 
2. Automatic by pre-set adjustable trips controlled by spindle travel. 

Both table and spindle head have vertical adjustment. 


Write for full details of the V20 K & W machine which can also be 
fitted with various multi-spindle drill heads with fixed or adjustable centres. 







Three Head Machine. Hand Feed on Nos. 1 
# and 2 Heads, power feed on No. 3 Head. 
Note Coolant Pump and fitting to each 
spindle. 


A single head. 
Type V20 Drilling Machine. > 





DIMENSIONS 





SPINDLE CENTRE TO COLUMN FACE (STANDARD MODEL) 8} in. 
SPINDLE CENTRE TO COLUMN FACE (EXPORT MODEL)  12t in. 


LENGTH OF FEED (HAND OR POWER) .... ak aes 6 in. 
NUMBER OF SPEEDS aa a dag ore oe ia 9 

TABLE WORKING AREA ive ake ioe . 15$ X 13 in. 
H.P. OF DRIVING MOTOR eve was oss ies eee ie 











rt I T Cc H E N & WA iW E L T D * Member of the Asquith Machine Tool Corporation 


ARUNDEL STREET, HALIFAX, ENGLAND Telegrams : ‘KAW, Halifax’. Telephone : Halifax 67744 (3 lines) 





KW375 
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Our research team are for ever providing improved ‘| *K we think in terms of tomorrow 
types of well-known Aeroquip hose lines, } { 
with detachable, re-usable fittings. / 
The latest development concerns the installation 
of our own plant for the production of P.T.F.E. 
(polytetrafluoroethylene) extrusion for the — 
inner linings of Aeroquip P.T.F.E. Hose. Fe 
This means we shall be able to produce more hose, ne — 
more quickly for all applications where resistance } } : 
to high temperatures, and high pressures; and ' ot } \ 
chemical inertness to acids, oils and corrosives er * » \ 
are essential qualities required in’ hose lines. mare, a }! 
ya 
\ ae 
he Write for full technical details of the Aeroquip range of P.T.F.E. hose to:— 
— 
™ FEW aes oes 
BO RG SEY Say Say ap Say Sig SY SO Sav Sh 0 ta 
SUPER OIL SEALS & GASKETS LTD * FACTORY CENTRE * BIRMINGHAM 30 Telephone: KINGS NORTON 2041 
I ili * 
mayer! _——— 





Looking in the 
right direction 





5 Reet 


SEeyPRiIinNGe S 


> 


F. S. RATCLIFFE (ROCHDALE) LTD., 
Crawford Spring Works, Nor:nan Road, Rochdale 
Phone: Rochdale 40415 





"Grams: Recoil, Rochdale Telex 63178 











for DEPENDABILITY 
and MACHINABILITY 
MALLEABLE 


HALE “ino 


CASTINGS 
HALE. HALE iimireo nuntey port sic 








‘MODERN MALLEABLE ’ (2nd edition) 


If you have not had a copy, kindly send us a P.C. We shall be pleased 
to forward one, post free. 
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FOR LONGER LIFE! 








MANUFACTURED BY 
IMPREGNATED DIAMOND PRODUCTS LTD - TUFFLEY CRESCENT - GLOUCESTER 


DISTRIBUTED BY 


’ UNIVERSAL GRINDING WHEEL COMPANY LIMITED - STAFFORD - TELEPHONE: STAFFORD 381 
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» GRIND & LAP 
K on the 
mS | “MLASTERLAP” 







ROCKWELL 


HELICAL 
CLAMPS 


BRITISH PATENT 





The LATEST TOOL GRINDING MACHINE for 

Carbide Tipped Tools. GRIND with a 

Silicon Carbide wheel then LAP with a 
Diamond Wheel. 


A range of popular sizes 
to suit any T slot or 
clamping height. 


No loose parts to lose. 
Each size adjustable for height. 
Any quantity Ex-Stock. 





LESTER - BROWN 
MACHINE TOOLS LTD. 
BAYTON ROAD WORKS, 
EXHALL, COVENTRY. 
Telephone - Bedworth 2304 


Write Dept. C/C or phone for leaflet giving 
prices, sizes and technical details 


E WELSH HARP, EDGWARE ROAD, 
SB) LONDON, N.W.2 Tel: GLADSTONE 0033 


Also at: Birmingham-Telephone Springfield 1134/5 
Stockport-Telephone Stockport 5241 Glasgow-Telephone Merrylee 2822 








$.C.6. 





We offer you time gained— 
— Not gimmicks... 


The beauty of this machine is that exceptional speeds are 
combined with quick changeovers. 
It is certainly the fastest press in the world. 1,000 strokes per minute 
if you wish, but it is an economical proposition for relatively short runs. 
Here it has a great advantage over single-purpose machines. 
What is more, accuracy is truly remarkable—without the 
aid of pilot pins. 
There are no feed rolls and tool ‘life’ is prolonged. 
It is an original design patented by Rhodes. 
This press crosses the Atlantic Ocean from east 


to west. : 
All the gimmicks in the world can’t add up 4 a | oO D | = %, 


to the know-how we've accumulated and pro- 
gressively applied since metalworking first 
started. We've been at it for 136 years. 





ULTRA-SPEED PRESSES 





Phos re i 
BUILT TO THE RHODES STANDARD akis sinks aieane. 


OF WAKEFIELD 








JOSEPH RHODES AND SONS LIMITED 


wReP 2923 BELLE VUE + WAKEFIELD - TELEPHONE 2756 (3 lines) 
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—_— DRILLS 











a 


LONG LIFE 1} 
ac ui 
MAXIMUM =| 


PENETRATION RATES _ \! 


High Speed Steel Drills in a wide range a ee 
STAND 318 

QO @ INTERNATIONAL 

es MACHINE TOOL 


— bend 
s | 


Olympia -London June 2: 








of sizes and types to suit all requirements. 





Agents and Stockists for Intal Drills. 





Richard Loyd Limited = 


GALTON HOUSE, ELMFIELD AVENUE, TYBURN, BIRMINGHAM, 24 
Telephone: ASHfield 1801 Telegrams: ‘*Cogs, Birmingham’’ Telex No. 33366 
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WITH THE BROCKHOUSE UNIT 

GRINDING HEAD AND TRUING 

DEVICE FOR HORIZONTAL AND 
VERTICAL GRINDING. 


* Easily adaptable on most standard machines. 
%* Rapid and accurate. 
% Slideway Grinding Enquiries invited. 


=AO0UUUUUUOUUUUNUUNNNUONOGEUOEEOOUEEEEUOUUOUOUUUUUUAE 

SPECIALISTS IN 

MACHINE TOOL 
REBUILDING 


=HUUEUEOUVEUEOEOUOEOOUEGEOUOUAOOUOOOUOUOOONONOAOONONNERT: 











Write for descriptive folder to : 


J. BROCKHOUSE & CO. LIMITED 


Machine Tool Division 
ELMS WORKS : PENN ROAD : WOLVERHAMPTON 
Phone: Wolverhampton 23801 


SETTING | 


UT ES 
HUUUAUUEDUONOUOEUOONUOOUANUDOTTE 


FI 


AT 


care groure= 





advertisement 


managers 


HYDRAULIC 


ELEVATOR : 
TRUCK The Production 


for 


HUNGUUNGUOOUEDAUEOONEOOGOOESONEOONOON 


Capacities : 500, 650, 800, 1200, Engineer 


1600 Ibs. Operated by Hand Pump 
or Battery or Mains Electric 


Use a “Vertolifter”, the Work Shifter, for 
those jobs where a high-priced machine is 
wasted. Finger-tip control for instant 
stopping at any point. Invaluable for 
lifting goods, press tools, dies, feeding 
materials to machines and vehicles. Also 
general stores use. 


ROBUST CONSTRUCTION 


AN ESSENTIAL 
FACTORY TOOL 









T. G. Scott 
& Son Limited 


| Clement’s Inn 
London WC2 


es Gs Gs ee ee ee ee ee ee 


To : POWELL & CO., Burry Port, Carms., t 
South Wales. Burry Port 284-5 


Send details of the ‘‘Vertolifter’’ a 
Capacity.......... \ | “ae Telephone Holborn 4743 
i ES i soon sh eben Sede h ease | 
i Zoe ch Urabe as ban bh ivbls cope bie ae 





RATES AND FULL CIRCULATION DETAILS ON REQUEST 








EA 


Sol 





Tr 
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ZBROJOVKA MILLERS 


for precision milling operations 





EARLY DELIVERY Complete rigidity at high speed is a feature of the Zbrojovka Millers, The 


Sole Agents: 


4 [s O Spindle speeds 62-2800 45-2000 32-1400 18-1400 
US OIL, ALWAYS SELSON’S FOR MACHINE TOOLS 


UWstemeelatseyel: cleeit; > 9%: © © 
SUNBEAM ROAD, LONDON, N.W.10. STANNINGLEY, Near LEEDS 






OF ALL MODELS Machine illustrated is the FA5H Horizontal Miller in operation at the 
Farlington works of Messrs. C. J. C. Developments (Portsmouth) Ltd., who 
have courteously permitted us to publish this photograph. Write or telephone 
for full details. 


BRIEF SPECIFICATIONS OF HORIZONTAL, UNIVERSAL AND VERTICAL MILLERS 











Sizes No. 2 No. 3 No. 4 No. 5 
Working surface of table (approx.) 40” x 8” 50” x 10” 64” x 12” 80” x 16” 
Power Longitudinal travel (approx.) 23” 32” 40” 50” 


Power cross travel (approx.) 8” a 12” 16” 














Telephone Elgar 4000 Telephone Pudsey 2241 
Newcastle-on-Tyne 


And at Kingsbury (Nr. Tamworth). Manchester: Glasgow. Swansea 


Sheffield. Southampton. Belfast. Batt 
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A Norton Diamond Wheel 


— vite tended for fatior cadlting 


THE JOB— off-hand grinding of single point carbide tipped tools. 
THE WHEEL—a D150-N50V 6’ vitrified bonded cup wheel. 
THE PERFORMANCE —rapid cutting, maintaining quality of ground finish. 
THE RESULT— more and better tools. 


Norton Lead! They were first to introduce Vitrified Bonded Diamond Wheels and today that lead 
is still maintained. If Carbide grinding is your concern there is a Norton Grinding Wheel for your 
job—and where vitrified bond is the choice, one that will do the work appreciably faster. 
And for initial roughing, or for any carbide grinding operation involving the use of silicon carbide 
wheels, further economies can be made by specifying Norton K Bond Crystolon green grit wheels. 
Let Norton Service, Norton Diamond wheels and Norton K Bond wheels combine to cut your 
costs. In the Norton range of wheels—over 100,000 sizes, shapes and specifications—there is one 
that is exactly right for vour job. Let your Norton or Alfred Herbert representative help you to 
select it; and if you are grinding cemented carbide it will probably be a Norton diamond wheel 
or a K Bond Crystolon green grit whee!. 


Get twough mote Work with Norton Abraswes 
WNORTOND NORTON GRINDING WHEEL COMPANY LIMITED 


ABRASIVES Welwyn Garden City, Herts - Welwyn Garden 3484 (15 lines) 
Enquiries also to: ALFRED HERBERT LIMITED - COVENTRY - Tel: Coventry 8922! 








NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, Canada, France, Germany, Italy, N. Ireland, South Africa and U.S.A. 
* Regd. Trade Mark of Norton Grinding Wheel Co. Ltd. @ ncw D.K16! 
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OF T. WALL & SONS 
(ICE CREAM) LTO. 


THE 
FERODO TROPHY 
awarded to 


Coventry Climax 
for the years 
outstanding 


commonwealth 
contribution to 
motor racing 


COVENTRY CLIMAX ENGINES LTD., Dept. ee, COVENTRY 





did you realise that the 
modern Ice Cream Cold 
Store handles such huge 
tonnages that fork trucks 
are needed to cope with 
the work?.... 

....and to meet these 
unusual Deep Freeze 
conditions Coventry Climax 
have developed special 
Electric Fork Trucks as 
illustrated alongside 

at work in the Wall's 


Ice Cream Factory at Acton. 





